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FEDERAL EXPRESS'®"

February 21, 1990

Mr. Preston M. ‘Canzius:.. .

New Jersey Compliance Branch

U.S. Environmental Protectlon Agency
Region' II

Room 747 ‘

26 Federal.Plaza :

New York, New York 10278

Subject: Response for Thiokol Corporation
© Request: ' for Information
Rockaway Borough Wellfield Site
Morris County, New Jersey

Dear Mr. Canzius:

Morton : ‘Friternational, -Inc. ("MII") received -the subject
January 17, 1990 information request, dddressed as follows,
on January 22, 1990: '

Arthur Slesinger, Director
Environmental Services
Morton International ' -

110 North Wacker Drive
Chicago, IL 60606

As reflected by the enclosed materials, the correct recipient
of the subject request and any other correspondence is:

Darryl J. Lee, Esquire
Thiokol Corporation

2475 Washington Boulevard .
Ogden, “Utah - 84401

MII's . Envircnmental Affairs Department was requested to
providerSérvicES to Thiokol Corporation ("Thiokol") on an
interim : " Dbasis until- otherwise °~ directed Dby Thiokol.
Accordlngly, 31 prepared the attached response on behalf of
Thiokol.

Morton Iriternationiat:Inc.. 110 North Wacker Drive. Chicago. IL 60606-1560 312/807-2000
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In order to expedite communications regarding this matter, it

is requested that a,6 copy of
Thiokol be transmitted to:

Arthur Slesinger, Director
Environmental Affairs.
Morton International, Inc.
110 North Wacker Drive
Chica@o;'IL 60606

Pl

Very truly yours,

William K. Weddendo
Manager, Corporate
Morton Internation

Inc.

4

o

WKW/vt *-

any ‘materials submitted to ‘

: “,If 'you have any' questions regardlng thlS response, please
S telephone me at (312) 807-2158. R DI :

1,

R

zardous -Materials#.

cc: Darryl J. Lee, Esq. - Thiokol Corporation

Joseph McVeigh

" Office of Regional-Counsel

USEPA - Reglon IT
Room 312 .
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REQUEST FOR INFORMATION

Obtaining pertinent information within the prescribed 30 day
time period was difficult as operations in Rockaway Borough
New Jersey, by a corporate predecessor to the Thiokol Corpo-
ration, were terminated in the normal course of business.

At this time, no current employees are known to have been
involved with, or knowledgeable of, the management of wastes
that might have been generated at the location of interest.
Pursuant to the USEPA's instructions, we have initiated
efforts to: (1) locate, retrieve and review additional files
from long-term storage that might, perhaps, contain relevant
documents and (2) 1locate and contact current or former em-
ployees that may be able to provide additional information.
Accordingly, this submittal will be updated as appropriate.

If the agency has ready access to certain information and/or
documents noted in this submittal, the nature of this infor-
mation and/or documents and their possession are indicated.
With this exception, copies of all documents (or for the sake
of brevity, excerpted pages/sections thereof) that relate to
the qguestions have been attached.

The following numbeted paragraphs address the correspondingly
identified specific information requests in the USEPA's
January 17, 1990 letter.

1. a. The correct legal name of the involved company is -

Thiokel Corporation ("“Thiokol"). The response has
been prepared by Morton International, Inc.
("MII"). Refer to paragraphs no. 2, 6 and 16 for
information concerning operational history at the
location and the relationship between MII and
Thiokol.

b. The name(s) and address{es) of the President and/or
Chairman of the Board, or other presiding officers
of Thiokol are:

Robert T. Marsh, Chairman of the Board
U. Edwih Garrison, President

Thiokol Corporation
2478 Washington Boulevard
Ogden, UT 84401

c. Thiokol 1is incorporated in the state of Delaware
and its agent for service of process in the state
of incorporation and in New Jersey is The Corpora-
tion Trust Company.
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4. A copy of Thiockol's "Restated Certificate of Incor-

poration" is attached as Exhibit No. 1.

e. As Thiokol 1s not a subsidiary or affiliate of

another corporation, it is unnecessary to identify
those related companies. However, refer to para-
graphs nos. 2 and 16 for supplementary information
regarding operations that relate to this matter.

f. The state of incorporation and agents for service

' of process in the state of “incorporation and New
Jersey for each company identified in paragraphs
nos. l(e), 2 and 16 have not yet been identified.

The basis for the following discussion is information in
paragraph no. 16. We are currently unable to provide
all the information requested in Question 1, except for
the below-noted names in response to Question 1(a):

o Reaction Motors, Inc.

o Rockefeller Family and Associates
o] Chase National Bank

o Olin Corporation

o US Navy and Air Force

MII 1is collecting the information required by this
question for these PRPs in order that they may be con-
tacted by the Agency. o

-

Thiokol's current facilities have numerous permits and
identification numbers issued pursuant to the Resource
Conservation and Recovery Act ("RCRA"); the company does
not have a single USEPA Identification Number. 1In view
of the focus of this response upon Rockaway Borough, a
detailed recitation of Thickol's identification numbers
is not believed to be necessary nor applicable since the
cessation of activities by Thiokol-related companies
predated the enactment of RCRA.

Locations, believed to be 1leased in Rockaway Borough,
were occupied by Reaction Motors, Inc. ("RMI") and other
firms. Except for the most recent tenants, as noted in
paragraph no. 16, we have no information regarding the
use of the properties by firms, unrelated to RMI and its
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successors, before and after the time of occupancy by
RMI and its successors.

A sentence at the bottom of the first column of page 4
of the enclosed paper, "Reaction Motors, Incorporated
From December 1941 through April 1958" (Exhibit No. 2)
notes that RMI shifted certain functions to a location
at Elm and Stickle Streets in Rockaway in 1949. We have
no current way of verifying the contents of this report
in order to ascertain its accuracy.

Comparing the attached copy of a print, entitled '"Site
Plan, Rockaway and Denville Facilities", (Exhibit No. 3)
against a commonly available county map, shows that
buildings along Stickel Avenue and Pine Street were in
the past owned, operated, 1leased or maintained by

Thiokol in Rockaway Borough, Morris County, New Jersey..

This print is supplemented by enclosed "Figure 3-17,
Location of Thiokol-RMD Facilities" (Exhibit No. 4)
which was excerpted from a booklet relating to an "In-
ventory of Persconal Property Located at Lake Denmark
Test Site, Rockaway Township, New Jetsey Owned by
Thiokol Corporation’. This document has not been in-
cluded in its entirety as it is entirely relates to the
"Test Area'" about 10 miles north of Rockaway Borough.

We are still searching for all relevant documentation,
including leases, deeds or other materials which relate
to such premises. Exhibit No. 5 consists of a lease
agreement between Thiokol Corporation and Klockner et.
al. for property bounded by Elm Street and Stickel
Avenue in the Borough of Rockaway. Exhibit No. 6, from
the owner's Site Evaluation Submission notes the general
history of the building which was constructed in 1946.
Exhibit No. 7, from the same package, presents a sketch
of the building and shows current tenants.

Other related enclosed materials are discussed in Para-
graph no. 6.

5. MII does not have information that provides the exact
lot and block numbers of all of RMI and Thiokol's past
operations 1in Rockaway Borough, Morris County, New
Jersey. Exhibit No. 5 indicates that the lease involved
Lots nos. 37, 38, 39 and 40. - Exhibit No. 7, appears to
indicate that the building occupies Lots Nos. 1 and 6 of
Block No. 5.

We ‘believe that RMI and Thiockol had operations at, some
or all of, the below-noted locations from 1949 until
1968.

¢00 2AMmY
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6. Exhibit No. 8, comprised of excerpted sections of re-
ports entitled '"Site Plans, Reaction Motors Division,
Thiokol Chemical Corporation, December 1958" and "Site
Plans, Reaction Motors Division, Thiokol Chemical Corpo-
ration, 30 June 1959" notes the 1locations and floor
plans of the following facilities in Rockaway Borough:

o} Building No. 8 Beech Street
Appears to have been used for
administrative purposes in
1958.

o Building No. 10 Pine Street

Occupied in 1959 by a catapult
assembly facility and storage.

0 Building No. 11 Post Office

Utilized  for administrative
purposes in 1959.

o Building No. 12 Stickle Avenue

In 1959, housed offices, cafe-
teria and "services".

o Building No. 13 Elm Street

In 1959, housed offices, cafe-
teria and "services".

o Building No. 14 (near Elm Street)

In 1959, occupied by laboratory
and "services".

The 1963-6 "Site Plan, Rockaway and Denville Facili-
ties", provides more legible descriptions of some of the
above-noted past operations of Thiokol in Rockaway
Borough along Pine Street and Stickle Avenue as follows:

o Building 10 - "Manufacturing"
o Buildihg 12 - "Manufacturing"
o} Building 13 - "Manufacturing”

o Building 14 "Compressed Air & Power Dis."”

0 xMy

Except as specifically indicated on the attached 1966
"Equipment Layout" prints for "Thiokol Chemical
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Corporation, Reaction Motors Division, Denville, New
Jersey'", we are unable to further describe all manufac-
turing, research and development, processing and/or
handling activities within these locations:

o "Bullpup 'B' Production Facility, First Floor Plan,
Building No. 10, Rockaway, N.J." (Exhibit No. 9)

o "Bullpup 'B' Production Facility, First Floor Plan,
Building No. 12, Rockaway, New Jersey" (Exhibit No.
10)

o} "Building No. 13, Rockaway, New Jersey" (Exhibit
No. 11)

For your information, enclosed excerpted annual reports
for 1958, 1959, 1960, 1961, 1962, 1963, 1964, 1965,
1966, 1967 and 1968 (Exhibit No. 12) identify that rock-
ets/rocket motors were produced for the US Navy and Air
Force under the '"Bullpup", X-15 high altitude/speed
research aircraft, and other programs. As an example of
the location's defense orientation, approximately 40,000
Bullpup missiles were fabricated.

We have no known records that will enable us to ascer-
tain, for each type of operation described in the answer
to this question, the: name(s), and job description(s)
of the person or persons responsible for the management
of that particular operation. As such involved per-
son(s) are no 1longer believed to be employed by the
company, we are not able provide their last known ad-
dress(es) at this time. I am continuing my efforts in
this matter, and a response will be provided to the
agency 1f appropriate.

We have yet to locate any information which indicates
that RMI and/or Thiokeol has in the past generated,
purchased, used and/or handled in any manner
trichloroethylene ("TCE"), perchloroethylene ("PCE"),
Xylene and/or any other halogenated organic chemicals in
its operations within Rockaway Borough.

Thus a response to the following questions cannot be
provided:

a. During what years did RMI and Thiokol generate,
purchase, use and/or handle TCE, PCE, xylene and/or
other halogenated organic chemiqals? .

b. For what purpose was TCE, PCE, xylene and/or any

other halogenated organic chemicals generated,

purchased, used and/or handled by RMI and Thiokol?

¢00 AMY
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c. What was the volume of TCE, PCE, Xylene and/or any
- other halogenated organic chemicals generated,
purchased, used and/or handled by RMI and Thiokol

on an annual basis?

Refer to Paragraph 16 for additional discussion.

v

8. As a result’' of the lack of information, we are unable to
describe all storage and disposal practices employed by
RMI and Thiokol with respect to all hazardous substanc-
es, hazardous wastes and/or "CERCLA waste materials"
including, but not 1limited to, mixtures, solvents and
degreasers handled 1in any way in RMI and Thiokol's
operations in Rockaway Borough from the time operations
commenced until the present. We cannot include all
on-site and off-site storage and disposal activities.

In view of the emphasis of the information request upon
the use of halogenated organic chemicals, inspection of
the "Bullpup 'B' Production Facility, First Floor Plan,
Building No. 12, Rockaway, New Jersey" reveals a loca-
tion for a "degreaser". A similarly noted blueprint was
reviewed during a January 21, 1988 wvisit by MII to the
building where the degreasing operation was apparently
located. This blueprint is in the possession of:

Joseph Klockner . .
c/o Dennis Krumholz, Esqg.
Hyland & Perretti

Headquarters Plaza
One Speedwell Avenue
CN 1981

Morristown, NJ 07960

The attached copies of photographs (Exhibit No. 13)
show: (1) the relative sizes of Mr. Klockner and the pit
where the degreaser was located and (2) the nominal
amount of debris that has collected upon the concrete
floor of the pit.

Refer to Paragraph No. 16 for additional information.

9. Similarly, we are unable to indicate if RMI and Thiokol
used lagoons, impoundments and/or storage tanks to
treat, store and/or dispose of hazardous materials,
hazardous waste or "CERCLA waste materials" and the
following: :

a. The installation date of said unit(s): .

b. The use of said unit(s):
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c.. Indicate whether hazardous substances, hazardous
wastes and/or CERCLA waste material were
stored/disposed in said unit(s), and
d. The disposition of said unit(s).

10.

11.

12.

13.

14.

Refer to Paragraph No. 16 for addition discussion.

As noted above, we are unable to provide a copy of any
documents relating to the generation, purchase, use,
handling, hauling, and/or disposal of all hazardous
substances, hazardous wastes and/or "CERCLA waste mate-
rial" identified in response to questions 7, 8, 9 and 10
above. '

We currently have no documents nor information relating
to the date of any releases of hazardous substances,
hazardous wastes and/or "CERCLA waste material" includ-
ing any TCE, PCE, xylene and/or any other halogenated
organic chemicals at the RMI and/or Thiokol property.
We are unable to provide details of the ultimate dispos-
al of contaminated materials.

We currently know of no person other than Mr. Klockner
(including company, individual, partnership, etc.)
having knowledge of the facts relating to the generation
and/or disposal of hazardous substances, hazardous
wastes and/or "CERCLA waste material" identified in
response to gquestions 7, 8, 9 and 10 above. If this
situation changes, we will provide the name, address and
telephone number of involved person(s) that person and
the basis of our belief that he or she has such knowl-
edge.

We know of no leases, contracts, permits or other writ-
ten agreement relating to the generation, handling,
transport and/or disposal of all hazardous substances,
hazardous wastes and/or "CERCLA waste material' at RMI
and Thiokol's facility in Rockaway Borough, New Jersey.

We are actively seeking any agreements or contracts.

(other than an insurance policy) which -may indemnify RMI
and Thiokol, present owners of shares in the company or
past owners of shares in the company, for any liability
that may result under CERCLA for any release or threat-
ened release of a hazardous substance at the Site. If
such agreements or contracts exist, we will provide a
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15,

16.

copy of the agreement or contract or identify any agree-
ment or contract that we are unable to locate or obtain.

We believe that Thiockol has insurance polic(y/ies),
issued by the AEtna Casualty & Surety Company, Continen-

tal Casualty Company and the International Insurance

Company that have been in effect which will indemnify
the company against any liability which it may have
under CERCLA for any release or threatened release of a
hazardous substance that may have occurred at the loca-
tion. Copl(y/ies) of the involved polic(y/ies) will be
provided after they are obtained from counsel. Exhibits
Nos. 14, 15, and 16 identify the policy numbers and
years in effect.

Refer to the above-noted responses which may help EPA to
identify sources who disposed of hazardous substances,
hazardous wastes and/or "CERCLA waste material" at the
Site.

Supplementary Response to Question No. 2

The following discussion considers companies that no
longer exist; for those, we are currently unable to
provide all the information called for in Question 1,
including the agent for service of process. As the
business at the 1location may have continued during
several company names, each name is designated below.

Locations, believed to be leased in Rockaway Borough as
discussed in paragraph no. 4, were occupied by Reaction
Motors, Inc. ("RMI") and other firms. Except for the
most recent tenants, as noted in paragraph no. 7, we
have no information regarding the use of the properties
by firms unrelated to RMI.

From the paper, entitled '"Reaction Motors, Incorporated
From December 1941 through April 1958", RMI was formed
and incorporated in 1941. With respect to the Agency's
search for PRPs, it should be noted that:

o This document states that, due to RMI's financial
problems in 1947, the US Navy contacted Mr.
Laurence S. Rockefeller who apparently arranged,
through the Chase National Bank and the First
National Bank of Paterson, New Jersey, an agreement
that involved the purchase of notes with warrants
for subsequent stock purchase.

¢00 i md
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The paper clearly states that Rockefeller exercised
personal control over RMI in that he was instrumen-
tal 1in the appointment of a member of the
Rockefeller staff to serve as RMI's Executive Vice
President and General Manager from 1947 until at
least 1952. Rockefeller's continuing control over
RMI is indicated by RMI's 1955 list of Directors in
which two of the ten members were Rockefeller
employees.

o In November 1953, the Mathieson Chemical Corp.
bought 50% of RMI's outstanding stock and hence a
controlling interest in the company. In May 1954,
0lin Industries, Inc. and Mathieson Chemical merged
into the 0lin Mathieson Chemical Corp ("Olin").

0lin's control over RMI is indicated by RMI's 1955.

list of Directors in which four of the ten members
were 0Olin employees.

o . As noted in paragraph no. 6, RMI's activities were
those of a defense and aerospace contractor. Oon
behalf of Thiokol, we are researching the history
of the involved contracts with the US Navy and Air
Force.

The titles of the personnel involved with RMI notes
Olin's Aviation Division in 1955 and a Olin's High
Energy Fuels Division in 1958. Thus, ©0lin has the
potential for intimate involvement with the day-to-day
operations of RMI.

RMI's merger with Thiokol Chemical Corporation occurred
on April 30, 1958. As noted in the document, this
action required the approval of RMI's two principal
stockholders, Laurence Rockefeller and 0lin whose Execu-
tive Vice President was Chairman of RMI's Board of
Directors. RMI became Thiokol's Reaction Motors Divi-
sion. A decrease in 1liquid-propelled rocket activities
apparently resulted in the cessation of the Division's
operations in about 1968.

In 1973, Thiokol Chemical Corporation changed its name
to Thiokol Corporation which merged with Morton-Norwich
Products, Inc. in 1982 to form Morton Thiokol, Inc.
Effective July 1, 1989, Morton Thiokol, Inc. restruc-
tured itself by changing its name to Thiokol Corporation
and redirected its activities towards defense/aerospace-
related activities; commercial activities were spun off
to Morton International, Inc. a newly formed Indiana
Corporation. .
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On the basis of its corporate lineage and current activ-
ities, it 1s appropriate that Thiockol be contacted by
the USEPA for information regarding this 1location.
However, as part of the restructuring effort, MII agreed
to provide the services of its Environmental Affairs
Department to Thiokol on an interim basis. Preparation
of this - information request 1is ©being done wunder
Thiokol's authority pursuant to the aforesaid agreement.

Supplementary Response to Question No. 7

With respect to the use of other halogenated organic
chemicals in its operations within Rockaway Borough, the
attached Site Evaluation Submission (Exhibit No. 17), by
a current tenant (Multiform Metals Division of Masden
Industries) at the Elm Street and Stickle Avenue proper-
ty, to the NJIDEP's Bureau of Industrial Site Evaluation,
notes the storage and usage of methylene chloride and
trichloroethylene.

The enclosed draft report, entitled "Sampling Plan
Results, Masden Industries, Multiform Metals Division,
ECRA Case #85551" (Exhibit No. 18), noted that elevated
concentrations of volatile organics in the downgradient
monitoring wells are probably attributable to the "waste

0il tank" (which was recently removed) and the "catch
basin/storm sewer line along the northern part of the
building". We are continuing our review of this wvolumi-

nous submittal which is in the possession of the Bureau
of Industrial Site Evaluation of the New Jersey Depart-
ment of Department Protection.

Supplementary Response to Question No. 8

With respect to all . storage and disposal practices
employed regarding all hazardous substances, hazardous
wastes and/or "CERCLA waste materials" including, but
not limited to, mixtures, solvents and degreasers han-
dled in any way in Rockaway Borough from the time opera-
tions at the location commenced until the present, MII
notes that several barrels of fresh chlorinated sol-
vent(s) were observed being stored for use by current
tenants on January 21, 1988.

The attached Site Evaluation Submission Response by the
NJDEP (Exhibit No. 19) notes wastes that were stored by
a tenant.

200 AMY
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17.

Supplementary Response to Question No. 9

Regarding the use of lagoons, impoundments and/or stor-~
age tanks to treat, store and/or dispose of hazardous
materials, hazardous waste or "CERCLA waste materials",
during the January 21, 1988 inspection, a large pit,
filled with dark, oily-appearing materials (presumably
generated by a current tenant) was observed.

The name, address, telephone number, title and occupa-
tion of the person answering this "Request for Informa-
tion", who does not have personal Kknowledge of the
answers is:

‘William K. Weddendorf

Manager, Corporate Hazardous Materials
Morton International, Inc.

110 Norch Wacker Drive

Chicago, IL 60606

(312) 807-2158

At the present time, no other person assisted in any
manner, other than <to provide clerical services, in
responding to the "Request for Information":
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CERTIFICATION OF ANSWERS TQ REQUEST FOR INFORMATION

State of Illinois

County of _Cook

I certify under penalty of law that I have personally exam-
ined and am familiar with the information submitted in this
document (response to EPA Request for Information) and all
documents submitted herewith, and that based on my inquiry of
those individuals immediately responsible for obtaining the
information, I believe that the submitted information is
true, accurate, and complete, and that all documents submit-
ted herewith are complete and authentic unless otherwise
indicated. I am aware that there are significant penalties
for submitting false information, including the possibility
of fine and imprisonment.

William K. Weddendorf
~NAME (print or type)

Manager,
Corporate Hazardous Materials .
TIT {pri or type)

coapitlovida),

SIGNATURE Zs
Sworn to before me this .= % day
of RO, , 1990.

r SuE E
4

NN ARy PP TINS
Notary Public

AMYA
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EXR\B®\T N O 1

RESTATED CERTIFICATE OF INCORPORATION
of
THIOKOL CORPORATION

(Originally incorporated on September 2, 1969
under the name of Morton-Norwich Products, Inc.)

FIRST: The name of the Corporation is Thiokol Corporation.

SECOND: The address of the Corporation’s registered office in the State of Delaware is 1209
Orange Street in the City of Wilmington, County of New Castle. The name of the Corporation’s
registered agent at such address is The Corporation Trust Company.

THIRD: The purpose of the Corporation shall be to engage in any lawful act or activity for which
corporations may be organized under the General Corporation Law of the State of Delaware.

FOURTH: The total number of shares of all classes of capital stock ;vhich the Corporation shall
have authority to issue is 225.000.000 of which 25,000,000 shares shall be Preferred Stock of the par
value of $1.00 per share and 200.000,000 shares shall be Common Stock of the par value of $1.00 per
share.

Effective at 9:00 A.M. on the first business day following the date this Restated Certificate of
Incorporation is filed with the Secretary of State of the State of Delaware, each five (5) shares of
Common Stock, par value $1.00 per share, theretofore issued and then outstanding or held in the
treasury shall be changed and combined into two (2) shares of validly issued, fully paid and
nonassessable Common Stock, par value $1.00 per share, of the Corporation. No scrip or fractional
shares will be issued by reason of this reverse split, and in lieu thereof the Corporation shall pay to
- each stockholder of record at the effective time an amount in cash based upon the average closing
price of the Common Stock on the New York Stock Exchange for the five trading days beginning the
date of the effective time, adjusted to reflect the change effected by this Restated Certificate of
Incorporation and to exclude the distribution to the holders of Common Stock of one share of Morton

International, Inc., an Indiana corporation, for each share of Common Stock of the Corporation held

prior to the effective time.

A. Preferred Stock. In addition to a series of Preferred Stock designated as “Series A Junior
Participating Preferred Stock,” the terms of which are set forth below, the Board of Directors is

expressly authorized to provide for the issue of all or any shares of the Preferred Stock, in one or more -

series, and to fix for each such series such voting powers, full or limited, or no voting powers, and such
designations, preferences and relative, participating, optional or other special rights and such qualifica-
tions, limitations or restrictions thereof, as shall be stated and expressed in the resolution or resolutions
adopted by the Board of Directors providing for the issue of such series (a “Preferred Stock
Designation™) and as may be permitted by the General Corporation Law of the State of Delaware. The
number of authorized shares of Preferred Stock may be increased or decreased (but not below the
number of shares thereof then outstanding) by the affirmative vote of the holders of a majority of the
voting power of all of the then outstanding shares of the capital stock of the Corporation entitled to
vote generally in the election of directors (the “Voting Stock™), voting together as a single class,
without a separate vote of the holders of the Preferred Stock, or any series thereof, unless a vote of any
such holders is required pursuant to any Preferred Stock Designation.

Series A Junior Participating Preferred Stock:

SECTION 1. Designation and Amount. The shares of such series shall be designated as “Series A
Junior Participating Preferred Stock™ (the “Series A Preferred Stock”) and the number of shares
constituting the Series A Preferred Stock shall be 600,000. Such number of shares may be increased or
- decreased by resolution of the Board of Directors; provided, that no decrease shall reduce the number

¢c00 AMd
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| of shares of Series A Preferred Stock to a number less than the number of shares then outstanding plus
) the number of shares reserved for issuance upon the exercise of outstanding options. rights or warrants

i or upon the conversion of any outstanding securities issued by the Corporation convertible into Series
i A Preferred Stock.

SECTION 2. Dividends and Distributions.

(A)- Subject to the rights of the holders of any shares of any series of Preferred Stock (or any
similar stock) ranking prior and superior to the Series A Preferred Stock with respect to dividends,
the holders of shares of Series A Preferred Stock, in preference to the holders of Common Stock,
par value $1.00 per share (the “Common Stock”), of the Corporation. and of any other junior
stock, shall be entitled to receive. when, as and if declared by the Board of Directors out of funds
legally available for the purpose. quarterly dividends payable in cash on the second Monday of
March, June. September and December in each year (each such date being referred to herein as a
“Quarterly Dividend Payment Date”"), commencing on the first Quarterly Dividend Payment Date
after the first issuance of a share or fraction of a share of Series A Preferred Stock, in an amount
per share (rounded to the nearest cent) equal to the greater of (a) $1 or (b) subject to the
provision for adjustment hereinafter set forth, 100 times the aggregate per share amount of all cash .
dividends, and 100 times the aggregate per share amount (payable in kind) of all non-cash
dividends or other distributions, other than a dividend payable in shares of Common Stock or a
subdivision of the outstanding shares of Common Stock (by reclassification or otherwise),
declared on the Common Stock since the immediately preceding Quarterly Dividend Payment
Date or, with respect to the first Quarterly Dividend Payment Date. since the first issuance of any
share or fraction of a share of Series A Preferred Stock. In the event the Corporation shall at any
! time declare or pay any dividend on the Common Stock payable in shares of Common Stock, or
i effect a subdivision or combination or consolidation of the outstanding shares of Common Stock
(by reclassification or otherwise than by payment of a dividend in shares of Common Stock) into a
greater or lesser number of shares of Common Stock, then in each such case the amount to which
'“‘ holders of shares of Series A Preferred Stock were entitled immediately prior to such event under
‘i!\ clause (b) of the preceding sentence shall be adjusted by multiplying such amount by a fraction.

i
|

the numerator of which is the number of shares of Common Stock outstanding immediately after
such event and the denominator of which is the number of shares of Common Stock that were
outstanding immediately prior to such event.

(B} The Corporation shall declare a dividend or distribution on the Series A Preferred Stock
as provided in paragraph (A) of this Section immediatelv after it declares a dividend or
i distribution on the Common Stock (other than a dividend payable in shares of Common Stock);
i provided that. in the event no dividend or distribution shall have been declared on the Common
I Stock during the period between any Quarterly Dividend Payment Date and the next subsequent
! 1? Quarterly Dividend Payment Date, a dividend of $1 per share on the Series A Preferred Stock shall
il nevertheless be payable on such subsequent Quarterly Dividend Payment Date.

(C) Dividends shall begin to accrue and be cumulative on outstanding shares of Series A
Preferred Stock from the Quarterly Dividend Payment Date next preceding the date of issue of
such shares, unless the date of issue of such shares is prior to the record date for the first Quarterly
Dividend Payment Date, in which case dividends on such shares shall begin to accrue from the
date of issue of such shares, or unless the date of issue is a Quarterly Dividend Payment Date or is
a date after the record date for the determination of holders of shares of Series A Preferred Stock
entitled to receive a quarterly dividend and before such Quarterly Dividend Payment Date, in
either of which events such dividends shall begin to accrue and be cumulative from such
Quarterly Dividend Payment Date. Accrued but unpaid dividends shall not bear interest.
Dividends paid on the shares of Series A Preferred Stock in an amount less than the total amount
of such dividends at the time accrued and payable on such shares shall be allocated pro rata on a
share-by-share basis among all such shares at the time outstanding. The Board of Directors may fix
a record date for the determination of holders of shares of Series A Preferred Stock entitled to
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receive payment of a dividend or distribution declared thereon, which record date shall be not
more than 60 days prior to the date fixed for the payment thereof.

SECTION 3. Votmg Rights. The holders of shares of Series A Preferred Stock shall have the

following voting rights:

(A) Subject to the provision for adjustment hereinafter set forth, each share of Series A
Preferred Stock shall entitle the holder thereof to 100 votes on all matters submitted to a vote of
the stockholders of the Corporation. In the event the Corporation shall at any time declare or pay
any dividend on the Common Stock payable in shares of Common Stock. or effect a subdivision or
combination or consolidation of the outstanding shares of Common Stock (by reclassification or
otherwise than by payment of a dividend in shares of Common Stock) into a greater or lesser
number of shares of Common Stock. then in each such case the number of votes per share to
which holders of shares of Series A Preferred Stock were entitled immediately prior to such event
shall be adjusted by multiplying such number by a fraction, the numerator of which is the number
of shares of Common Stock outstanding immediately after such event and the denominator of
which is the number of shares of Common Stock that were outstanding immediately prior to such
event.

(B) Except as otherwise provided herein, in any other Certificate of Designations creatinga =

series of Preferred Stock or anv similar stock. or by law, the holders of shares of Series A Preferred
Stock and the holders of shares of Common Stock and any other capital stock of the Corporation
having general voting rights shall vote together as one class on all matters submitted to a vote of
stockholders of the Corporation.

(C) Except as set forth herein, or as otherwise provided by law, holders of Series A Preferred
Stock shall have no special voting rights and their consent shall not be required (except to the
extent they are entitled to vote with holders of Common Stock as set forth herein) for taking any
corporate action.

SECTION 4. Certain Restrictions.

(A) Whenever quarterly dividends or other dividends or distributions payable on the Series
A Preferred Stock as provided in Section 2 are in arrears, thereafter and until all accrued and
~ unpaid dividends and distributions. whether or not declared, on shares of Series A Preferred Stock
outstanding shall have been paid in full, the Corporation shall not:

(i) declare or pay dividends, or make any other distributions, on any shares of stock
ranking junior (either as to dividends or upon liquidation, dissolution or wmdmg up) to the
Series A Preferred Stock:

(ii) declare or pay dividends, or make any other distributions, on any shares of stock
ranking on a parity (either as to dividends or upon liquidation, dissolution or winding up)
with the Series A Preferred Stock, except dividends paid ratably on the Series A Preferred
Stock and all such parity stock on which dividends are payable or in arrears in proportion to
the total amounts to which the holders of all such shares are then entitled;

(iii) redeem or purchase or otherwise acquire for consideration shares of any stock
ranking junior (either as to dividends or upon liquidation, dissolution or winding up) to the
Series A Preferred Stock. provided that the Corporation may at any time redeem, purchase or
otherwise acquire shares of any such junior stock in exchange for shares of any stock of the
Corporation ranking junior (either as to dividends or upon dissolution, liquidation or winding
up) to the Series A Preferred Stock; or

(iv) redeem or purchase or otherwise acquire for consideration any shares of Series A
Preferred Stock, or any shares of stock ranking on a parity with the Series A Preferred Stock,
except in accordance with a purchase offer made in writing or by publication (as determined
by the Board of Directors) to all holders of such shares upon such terms as the Board of
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Directors, after consideration of the respective annual dividend rates and other relative rights
and preferences of the respective series and classes, shall determine in good faith will result
in fair and equitable tréatment among the respective series or classes. '

(B) The Corporation shall not permit any subsidiary of the Corporation to purchase or
otherwise acquire for consideration any shares of stock of the Corporation unless the Corporation
could, under subparagraph (A) of this Section 4, purchase or otherwise acquire such shares at
such time and in such manner.

. SECTION 5. Reacquired Shares. Any shares of Series A Preferred Stock purchased or otherwise
B acquired by the Corporation in any manner whatsoever shall be retired and cancelled promptly after
" ' the acquisition thereof. All such shares shall upon their cancellation become authorized but unissued
shares of Preferred Stock and may be reissued as part of a new series of Preferred Stock subject to the
conditions and restrictions on issuance set forth herein, in the Restated Certificate of Incorporation, or
in any other Certificate of Designations creating a series of Preferred Stock or any similar stock or as
: - otherwise required by law.

SECTION 6. Liquidation. Dissolution or Winding Up. Upon any liquidation. dissolution or winding
up of the Corporation. no distribution shall be made (1) to the holders of shares of stock ranking
‘ junior (either as to dividends or upon liquidation, dissolution or winding up) to the Series A Preferred
} Stock unless. prior thereto. the holders of shares of Series A Preferred Stock shall have received $100
per share, plus an amount equal to accrued and unpaid dividends and distributions thereon, whether or
not declared. to the date of such payment, provided that the holders of shares of Series A Preferred
Stock shall be entitled to receive an aggregate amount per share, subject to the provision for
adjustment hereinafter set forth, equal to 100 times the aggregate amount to be distributed per share to
! g holders of shares of Common Stock, or (2) to the holders of shares of stock ranking on a parity (either
il as to dividends or upon liquidation, dissolution or winding up) with the Series A Preferred Stock,
except distributions made ratably on the Series A Preferred Stock and all such parity stock in
B proportion to the total amounts to which the holders of all such shares are entitled upon such

‘ ¥ liquidation, dissolution or winding up. In the event the Corporation shall at any time declare or pay .

3 i any dividend on the Common Stock payable in shares of Common Stock, or effect a subdivision or
kD combination or consolidation of the outstanding shares of Common Stock (by reclassification or
it otherwise than by payment of a dividend in shares of Common Stock) into a greater or lesser number
Lil - of shares of Common Stock. then in each such case the aggregate amount to which holders of shares of
' Series A Preferred Stock were entitled immediately prior to such event under the proviso in clause (1)
of the preceding sentence shall be adjusted by multiplying such amount by a fraction the numerator of
i which is the number of shares of Common Stock outstanding immediately after such event and the
i denominator of which is the number of shares of Common Stock that were outstanding immediately
s prior to such event.

merger, combination or other transaction in which the shares of Common Stock are exchanged for or
i changed into other stock or securities, cash and/or any other property, then in any such case each
i!%i; share of Series A Preferred Stock shall at the same time be similarly exchanged or changed into an
i " amount per share, subject to the provision for adjustment hereinafter set forth, equal to 100 times the
eF aggregate amount of stock. securities, cash and/or any other property (payable in kind), as the case
I
1

ke

i SecTION 7. Consolidation, Merger, etc. In case the Corporation shall enter into any consolidation,
i

|

{

may be, into which or for which each share of Common Stock is changed or exchanged. In the event
the Corporation shall at any time declare or pay any dividend on the Common Stock payable in shares
.l of Common Stock, or effect a subdivision or combination or consolidation of the outstanding shares of

’ Common Stock (by reclassification or otherwise than by payment of a dividend in shares of Common =
1 Stock) into a greater or lesser number of shares of Common Stock, then in each such case the amount 5
1 set forth in the preceding sentence with respect to the exchange or change of shares of Series A
i Preferred Stock shall be adjusted by multiplying such amount by a fraction, the numerator of which is 3
' the number of shares of Common Stock outstanding immediately after such event and the denominator NS
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of which is the number of shares of Common Stock that were outstanding immediately prior to such
event. o ' -

SECTION 8. No Redemption. The shares of Series A Preferred Stock shall not be redeemable.

SECTION 9. Rank. The Series A Preferred Stock shall rank, with respect to the payment of
dividends and the distribution of assets. junior to all series of any other class of the Corporation’s
Preferred Stock. ’

SECTION 10. Amendment. The Certificate of Incorporation of the Corporation shall not be
amended in any manner which would materially alter or change the powers. preferences or special
rights of the Series A Preferred Stock so as to affect them adversely without the affirmative vote of the
holders of at least two-thirds of the outstanding shares of Series A Preferred Stock, voting together as a
single class.

B. Common Stock. Except as otherwise required by law or as otherwise provided in any Preferred
Stock Designation. the holders of the Common Stock shall exclusively possess all voting power and
each share of Common Stock shall have one vote.

FIFTH: A. Number. clection and terms of directors. Subject to the rights of the holders of any
series of Preferred Stock to elect additional directors under specified circumstances, the number of
directors shall be fixed from time to tine exclusively by the Board of Directors pursuant to a resolution
adopted by a majority of the Whole Board (as defined in Article EIGHTH). Commencing with the
1989 annual meeting of stockholders of the Corporation, the directors, other than those who may be

.elected by the holders of any series of Preferred Stock under specified circumstances, shall be divided,

with respect to the time for which they severally hold office, into three classes, with the term of office
of the first class to expire at the 1990 annual meeting of stockholders, the term of office of the second
class to expire at the 1991 annual meeting of stockholders and the term of office of the third class to
expire at the 1992 annual meeting of stockholders. with each director to hold office until his or her
successor shall have been dulv elected and qualified. At each annual meeting of stockholders.
commencing with the 1990 annual meeting, (i) directors elected to succeed those directors whose
terms then expire shall be elected for a term of office to expire at the third succeeding annual meeting
of stockholders after their election. with each director to hold office until his or her successor shall
have been duly elected and qualified. and (ii) if authorized by a resolution of the Board of Directors,
directors may be elected to fill anv vacancy on the Board of Directors, regardless of how such vacancy
shall have been created.

B. Stockholder nomination of director candidates and introduction of business. Advance notice of
stockholder nominations for the election of directors and of business to be brought by stockholders
before any meeting of the stockholders of the Corporation shall be given in the manner provided in
the Bv-Laws of the Corporation. '

C. Newly created directorships and vacancies. Subject to the rights of the holders of any series of
Preferred Stock, and unless the Board of Directors otherwise determines, newly created directorships
resulting from any increase in the authorized number of directors or any vacancies of the Board of
Directors resulting from death. resignation, retirement, disqualification, removal from office or other
cause shall be filled only by a majority vote of the directors then in office, though less than a quorum,

and directors so chosen shall hold office for a term expiring at the annual meeting of stockholders at

which the term of office of the class to which they have been elected expires and until such director’s
successor shall have been duly elected and qualified. No decrease in the numbers of authorized
directors constituting the entire Board of Directors shall shorten the term of any incumbent director.

D. Removal. Subject to the rights of the holders of any series of Preferred Stock, any director, or
the entire Board of Directors. may be removed from office at any time, but only for cause and only by
the affirmative vote of the holders of at least 80 percent of the voting power of all of the then
outstanding shares of the Voting Stock, voting together as a single class.
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E. Amendment, repeal or alteration. Notwithstanding any other provisions of this Certificate of
Incorporation or any provision of law which might otherwise permit a lesser vote or no vote. but in
addition to any affirmative vote of the holders of any particular class or series of the capital stock
required by law, this Restated Certificate of Incorporation or any Preferred Stock Designation. the
affirmative vote of the holders of at least 80 percent of the voting power of all of the then-outstanding
shares of the Voting Stock. voting together as a single class, shall be requnred to alter, amend or repeal
this Article FIFTH.

SIXTH: In furtherance and not in limitation of the powers conferred by law, the Board of
Directors is expressly authorized to make. alter, amend and repeal the By-Laws of the Corporation,
subject to the power of the holders of the capital stock of the Corporation to alter, amend or repeal the
By-Laws: provided, however. that. with respect to the powers of holders of capital stock to alter, amend
and repeal By-Laws of the Corporation. notwithstanding any other provision of this Certificate of
Incorporation or any provision of law which might otherwise permit a lesser vote or no vote, but in
addition to any affirmative vote of the holders of any particular class or series of the capital stock of the
Corporation required bv law. this Restated Certificate of Incorporation or any Preferred Stock
Designation. the affirmative vote of the holders of at least 80 percent of the voting power of all of the
then-outstanding shares ot the Voting Stock. voting together as a single class. shall be required to (i)
alter, amend or repeal anv provision of the By-Laws, or (ii) alter, amend or repeal any provision of this
proviso to this Article SIXTH.

SEVENTH: Subject to the rights of the holders of any series of Preferred Stock. (A} anv action
required or permitted to be taken by the stockholders of the Corporation must be effected at an annual
or special meeting of stockholders of the Corporation and may not be effected by any consent in
writing by such stockholders and (B) special meetings of stockholders of the Corporation may be
called only by the Chairman of the Board or by the Board of Directors pursuant to a resolution
adopted by a majority of the Whole Board. Notwithstanding any other provisions of this Restated
Certificate of Incorporation or any provision of law which might otherwise permit a lesser vote or no
vote. but in addition to any atirmative vote of the holders of any particular class or series of the capital
stock of the Corporation required by law, this Restated Certificate of Incorporation or any Preferred
Stock Designation. the affirmative vote of the holders of at least 80 percent of the voting power of all of
the then-outstanding shares of the Voting Stock, voting together as a single class, shall be required to
alter, amend or repeal this Article SEVENTH.

EIGHTH: A. (1} luaddition to any affirmative vote required by law. by this Restated Certificate
of Incorporation or bv anv Preferred Stock Designation. and except as otherwise expressly provided in
Section B of this Article EICHTH:

(i) anv merger or consolidation of the Corporation or any Subsidiary (as hereinafter
defined) with (a) any Interested Stockholder (as hereinafter defined) or (b) any other corpora-
tion (whether or not itself an Interested Stockholder) which is, or after such merger or
consolidation would be. aun Affiliate (as hereinafter defined) of an Interested Stockholder; or

(ii) any sale. lease. exchange, mortgage, pledge, transfer or other disposition (in one
transaction or a series of transactions) to or with any Interested Stockholder or any Affiliate of any
Interested Stockholder of any assets of the Corporation or any Subsidiary havmg an aggregate Fair
Market Value (as hereinafter defined) of $10 million or more: or

(iii) the issuance or transfer by the Corporation or any Subsidiary (in one transaction or a
series of transactions) of any securities of the Corporation or any Subsidiary to any Interested
Stockholder or any Affiliate of any Interested Stockholder in exchange for cash. securities or other
property (or a _combination thereof) having an aggregate Fair Market Value of $10 million or
more: or
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(iv) the adoption of any plan or proposal for the liquidation or dissolution of the Corpération
proposed by or on behalf of any Interested Stockholder or any Affiliate of any Interested
Stockholdet: or

(v} any reclassification of securities (including any reverse stock split), or recapitalization of
the Corporation. or any merger or consolidation of the Corporation with any of its Subsidiaries or
any other transaction (whether or not with or into or otherwise involving anv Interested
Stockholder) which has the effect. directly or indirectly, of increasing the proportionate share of
the outstanding shares of any class of equity or convertible securities of the Corporation or any
Subsidiary which is Beneficially Owned (as hereinafter defined) by any Interested Stockholder or
anv Affiliate of any Interested Stockholder:

shall require the affirmative vote of the holders of at least 80 percent of the voting power of all of the
then outstanding shares of the Voting Stock. voting together as a single class. Such affirmative vote
shall be required notwithstanding any other provisions of this Restated Certificate of Incorporation or
any provision of law or of anv agreement with any national securities exchange or otherwise which
might otherwise permit a lesser vote or no vote.

i{2) The term “Business Combination™ as used in this Article EIGHTH shall mean anv
transaction which is referred to in any one or more of subparagraphs (i) through (v) of
paragraph (1) of this Section A.

B. The provisions of Section A of this Article. EIGHTH shall not be applicable to any particular
Business Combination. and such Business Combination shall require only such affirmative vote as is
required by law. any other provision of this Restated Certificate of Incorporation and any Preferred
Stock Designation. if. in the case of a Business Combination that does not involve any cash or other
consideration being received by the stockholders of the Corporation, solely in their respective
capacities as stockholders of the Corporation, the condition specified in the following paragraph (1) is
met or. 1n the case of any other Business Combination, the conditions specified in either of the
following paragraph (1) or paragraph (2) are met:

(1) The Business Combination shall have been approved by a majority of the Continuing
Directors (as hereinafter defined): provided however, that this condition shall not be capable of
satisfaction unless there are at least three Continuing Directors.

(2) All of the following conditions shall have been met:

i) The consideration to be received by holders of shares of a particular class (or series)
of outstanding capital stock (including Common Stock and other than Excluded Preferred
Stock (as hereinafter defined)) shall be in cash or in the same form as the Interested
Stockholder or anv of its Affiliates has previously paid for shares of such class (or series) of
capital stock. If the Interested Stockholder or any of its Affiliates have paid for shares of any
class (or series) of capital stock with varying forms of consideration, the form of considera-
tion to be received per share by holders of shares of such class -(or series) of capital stock
shall be either cash or the form used to acquire the largest number of shares of such class (or
series) of capital stock previously acquired by the Interested Stockholder.

(ii) The aggregate amount of (x) the cash and (y) the Fair Market Value, as of the date
(the “Consummation Date™) of the consummation of the Business Combination, of the
consideration other than cash to be received per share by holders of Common Stock in such

Business Combination shall be at least equal to the higher of the following (in each case .

appropriately adjusted in the event of any stock dividend, stock split, combination or shares
or similar event):

(a) (if applicable) the highest per share price (including any brokerage commis-
sions, transfer taxes and soliciting dealers’ fees) paid by the Interested Stockholder or
any of its Affiliates for any shares of Common Stock acquired by them within the two-

-7

00 AMd

PLET



year period immediately prior to the date of the first public announcement of the
proposal of the Business Combination (the “Announcement Date”) or in any transaction
in which the Interested Stockholder became an Interested Stockholder, whichever is
higher. plus interest compounded annually from the first date on which the Interested
Stockholder became an Interested Stockholder (the “Determination Date”) through the
Consummation Date at the publicly announced base rate of interest of The First National
Bank of Chicago (or such other major bank headquartered in the City of Chicago as may
be selected by the Continuing Directors) from time to time in effect in the City of
Chicago, less the aggregate amount of any cash dividends paid, and the Fair Market Value
of any dividends paid in other than cash, on each share of Common Stock from the
Determination Date through the Consummation Date in an amount up to but not
exceeding the amount of interest so payable per share of Common Stock; and

(b) The Fair Market Value per share of Common Stock on the Announcement Date
or the Determination Date, whichever is higher.

(iii) The aggregate amount of (x) the cash and (y) the Fair Market Value, as of the
Consummation Date. of the consideration other than cash to be received per share by holders
of shares of anv class {or series), other than Common Stock or Excluded Preferred Stock, of
outstanding capital stock shall be at least equal to the highest of the following (in each case
appropriately adjusted in the event of any stock dividend, stock split, combination of shares
or similar event) . it being intended that the requirements of this paragraph (2) (iii) shall be
required to be met with respect to every such class (or series) of outstanding capital stock
whether or not the Interested Stockholder or any of its AfEliates has previously acquired any
shares of a particular class (or series) of capital stock:

(a) (if applicable) the highest per share price (including any brokerage commis-
sions. transfer taxes and soliciting dealers’ fees) paid by the Interested Stockholder or
any of its AfRliates for any shares of such class (or series) of capital stock acquired by
them within the two-year period immediately prior to the Announcement Date or in any
transaction in which it became an Interested Stockholder, whichever is higher, plus
interest compounded annually from the Determination Date through the Consummation
Date at the publicly announced base rate of interest of The First National Bank of
Chicago (or such other major bank headquartered in the City of Chicago as may be
selected by the Continuing Directors) from time to time in effect in the City of Chicago,
less the aggregate amount of any cash dividends paid. and the Fair Market Value of any
dividends paid in other than cash, on each share of such class (or series) of capital stock
from the Determination Date through the Consummation Date in an amount up to but
not exceeding the amount of interest so payable per share of such class (or series) of
capital stock:

(b) the Fair Market Value per share of such class (or series) of capital stock on the
Announcement Date or on the Determination Date, whichever is higher; and

(c) the highest preferential amount per share, if any, to which the holders of shares
of such class (or series) of capital stock would be entitled in the event of any voluntary
or inveluntary liquidation. dissolution or winding up of the Corporation.

(iv) After such Interested Stockholder has become an Interested Stockholder and prior
to the consummation of such Business Combination: (a) except as approved by a majority of
the Continuing Directors, there shall have been no failure to declare and pay at the regular
date therefor any full quarterly dividends (whether or not cumulative) on any outstanding
Preferred Stock: (b) there shall have been (I) no reduction in the annual rate of dividends
paid on the Common Stock (except as necessary to reflect any subdivision of the Common
Stock), except as approved by a majority of the Continuing Directors, and (II) an increase in
such annual rate of dividends as necessary to reflect any reclassification (including any
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reverse stock split), recapitalization. reorganization or any similar transaction which has the
effect of reducing the number of outstanding shares of the Common Stock, unless the failure
so to increase such annual rate is approved by a majority of the Continuing Directors: and
(c) neither such Interested Stockholder nor any of its Affiliates shall have become the
beneficial owner of any additional shares of Voting Stock except as part of the transaction
which results in such Interested Stockholder becoming an Interested Stockholder: provided.
however, that no approval by Continuing Directors shall satisfy the requirements of this
subparagraph (iv) unless at the time of such approval there are at least three Continuing
Directors. :

(v) After such Interested Stockholder has become an Interested Stockholder. such
Interested Stockholder and anv of its Affiliates shall not have received the benefit, directly or
indirectly (except proportionately, solely in such Interested Stockholder’'s or Affliate's
capacity as a stockholder of the Corporation), of any loans, advances, guarantees. pledges or
other financial assistance or any tax credits or other tax advantages provided by the
Corporation. whether in anticipation of or in connection with such Business Combination or
otherwise.

{vi) A proxv or information statement describing the proposed Business Combination

and complying with the requirements of the Securities Exchange Act of 1934, as amended.
and the rules and regulations thereunder (or any subsequent provisions replacing such Act.
rules or regulations) shall be mailed to all stockholders of the Corporation at least 30 days
prior to the consummation of such Business Combination (whether or not such proxy or
information statement is required to be mailed pursuant to such Act or subsequent
provisions).

{vii} Such Interested Stockholder shall have supplied the Corporation with such infor-
mation as shall have been requested pursuant to Section E of this Article EIGHTH within the
time period set forth therein.

C. For the purposes of this Article EIGHTH:

(1) A “person” means any individual, limited partnership, general partnership. corporation

or other firm or entity.

(2) “Interested Stockholder” means any person (other than the Corporation or any Subsidi-

ary) who or which:

(i) is the beneficial owner (as hereinafter defined), directly or indiiectly, of ten percent
or more of the voting power of the outstanding Voting Stock; or

(ii) is an Affiliate or an Associate of the Corporation and at any time within the two-year
period immediately prior to the date in question was the beneficial owner, directly or
indirectly, of ten percent or more of the voting power of the then outstanding Voting Stock:
or

(iii) is an assignee of or has otherwise succeeded to any shares of Voting Stock which
were at any time within the two-year period immediately prior to the date in question
beneficially owned by any Interested Stockholder, if such assignment or succession shall have
occurred in the course of a transaction or series of transactions not involving a public offering
within the meaning of the Securities Act of 1933, as amended.

(3) A person shall be a “beneficial owner” of, or shall “Beneficially Own”, any Voting Stock:

(i) which such person or any of its Affiliates or Associates (as hereinafter defined)
beneficially owns, directly or indirectly within the meaning of Rule 13d-3 under the Securities
Exchange Act of 1934, as in effect on May 1, 1989; or
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(ii) which such person or any of its Affiliates or Associates has (a) the right to acquire
(whether such right is exercisable immediately or only after the passage of time), pursuant to
any agreement. arrangement or understanding or upon the exercise of conversion rights,

" exchange rights, warrants or options. or otherwise, or (b) the right to vote pursuant to any
agreement, arrangement or understanding (but neither such person nor any such Affiliate or
Associate shall be deemed to be the beneficial owner of any shares of Voting Stock solely by
reason of a revocable proxy granted for a particular meeting of stockholders, pursuant to a
public solicitation of proxies for such meeting, and with respect to which shares neither such
person nor any such Afliliate or Associate is otherwise deemed the beneficial owner); or

(iii) which are beneficially owned. directly or indirectly, within the meaning of
Rule 13d-3 under the Securities Exchange Act of 1934, as in effect on May 1, 1989, by any
other person with which such person or any of its Affiliates or Associates has any agreement,
arrangement or understanding for the purpose of acquiring, holding, voting (other than solely
by reason of a revocable proxy as described in subparagraph (ii) of this paragraph (3)) or
disposing of any shares of Voting Stock;

provided, however. that in the case of any employee stock ownership or similar plan of the
Corporation or of any Subsidiary in which the beneficiaries thereof possess the right to vote any
shares of Voting Stock held by such plan, no such plan nor any trustee with respect thereto (nor
any Affiliate of such trustee), solely by reason of such capacity of such trustee, shall be deemed,
for any purposes hereof. to beneficially own any shares of Voting Stock held under any such plan.

(4) For the purposes of determining whether a person is an Interested Stockholder pursuant
to paragraph (2) of this Section C, the number of shares of Voting Stock deemed to be outstanding
shall include shares deemed owned through application of paragraph (3) of this Section C but
shall not include any other unissued shares of Voting Stock which may be issuable pursuant to any
agreement, arrangement or understanding, or upon exercise of conversion rights, warrants or
options, or otherwise. '

(5) “Afhliate” or "Associate” shall have the respective meanings ascribed to such terms in
Rule 12b-2 of the General Rules and Regulations under the Securities Exchange Act of 1934, as in
effect on May 1, 1989.

(6) “Subsidiary” means any corporation of which a majority of any class of equity security is
owned. directly or indirectly. by the Corporation; provided, however, that for the purposes of the
definition of Interested Stockholder set forth in paragraph (2) of this Section C. the term
“Subsidiary” shall mean only a corporation of which a majority of each class of equity security is
owned. directly or indirectly, by the Corporation.

(7) "Continuing Director” means any member of the Board of Directors of the Corporation
who is unaffiliated with the Interested Stockholder and was a member of the Board prior to the
time that the Interested Stockholder became an Interested Stockholder, and any director who is
thereafter chosen to fill any vacancy on the Board of Directors or who is elected and who, in
either event, is unaffiliated with the Interested Stockholder and in connection with his or her
initial assumption of office is recommended for appointment or election by a majority of
Continuing Directors then on the Board.

(8) “Fair Market Value” means: (i) in the case of stock, the highest closing sale price during
the 30-day period immediately preceding the date in question of a share of such stock on the
Composite Tape for New York Stock Exchange-Listed Stocks, or, if such stock is not quoted on the
Composite Tape, on the New Yorx Stock Exchange, or, if such stock is not listed on such
Exchange. on the principal United States securities exchange registered under the Securities
Exchange Act of 1934 on which such stock is listed, or, if such stock is not listed on any such
exchange, the highest closing bid quotation with respect to a share of such stock during the 30-day
period preceding the date in question on the National Association of Securities Dealers, Inc.
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Automated Quotations System or any system then in use. or if no such quotations are available. the
fair market value on the date in question of a share of such stock as determined by the Board in
accordance_ with Section D of this Article EIGHTH: and (ii) in the case of property other than
cash or stock, the fair market value of such property on the date in question as determined by the
Board in accordance with Section D of this Article EIGHTH.

(9) In the event of any Business Combination in which the Corporation survives, the phrase
“consideration other than cash to be received” as used in paragraphs (2)(ii) and (2) (iii) of
Section B of this Article EIGHTH shall include the shares of Common Stock and/or the shares of
any other class (or series) of outstanding capital stock retained by the holders of such shares.

(10) “Whole Board” means the total number of directors which this Corporation would have
if there were no vacancies.

(11) "E*cluded Preferred Stock™ means any series of Preferred Stock with respect to which
the Preferred Stock Designation creating such series expressly provides that the provisions of this
Article EIGHTH shall not apply.

D. A majority of the Whole Board. but only if a majority of the Whole Board shall then consist of
Continuing Directors or. if a majoritv of the Whole Board shall not then consist of Continuing
Directors. a majority of the then Continuing Directors, shall have the power and duty to determine. on
the basis of information known to them after reasonable inquiry, all facts necessary to determine
compliance with this Article EIGHTH. including, without limitation, (i) whether a person is an
Interested Stockholder. (ii} the number of shares of Voting Stock beneficially owned by any person.
(iii) whether a person is an Affiliate or Associate of another, (iv) whether the applicable conditions set
forth in paragraph (2) of Section B have been met with respect to any Business Combination. (v) the
Fair Market Value of stock or other property in accordance with paragraph (8) of Section C of this
Article EIGHTH, and (vi) whether the assets which are the subject of any Business Combination
referred to in paragraph (1) (ii) of Section A have, or the consideration to be received for the issuance
or transfer of securities bv the Corporation or any Subsidiary in any Business Combination referred to
in paragraph (1) (iii) of Section A has, an aggregate Fair Market Value of $10 million or more.

E. A majority of the Whole Board shall have the right to demand, but only if a majority of the
Whole Board shall then consist of Continuing Directors, or, if a majority of the Whole Board shall not
then consist of Continuing Directors, a majority of the then Continuing Directors shall have the right
to demand. that any person who it is reasonably believed is an Interested Stockholder (or holds of
record shares of Voting Stock Beneficially Owned by any Interested Stockholder) supply the
Corporation with complete information as to (i) the record owner(s) of all shares Beneficially Owned
by such person who it is reasonably believed is an Interested Stockholder, (ii) the number of, and class
or series of, shares Beneficially Owned by such person who it is reasonably believed is an Interested
Stockholder and held of record by each such record owner and the number(s) of the stock

certificate (s) evidencing such shares. and (iii) any other factual matter relating to the applicability or
~ effect of this Article EIGHTH, as may be reasonably requested of such person, and such person shall
furnish such information within 10 days after receipt of such demand.

F. Nothing contained in this Article EIGHTH shall be construed to relieve any Interested
Stockholder from any fiduciary obligation imposed by law.

G. Notwithstanding any other provisions of this Restated Certificate of Incorporation or any
provision of law which might otherwise permit a lesser vote or no vote, but in addition to any
affirmative vote of the holders of any particular class or series of the Voting Stock required by law, this
Certificate of Incorporation or any Preferred Stock Designation, the affirmative vote of the holders of
at least 80 percent of the voting power of all of the then-outstanding shares of the Voting Stock, voting
together as a single class, shall be required to alter, amend or repeal this Article EIGHTH.

NINTH: A. A director of the Corporation shall not be personally liable to the Corporation or its

stockholders for monetary damages for breach of fiduciary duty as a director, except for liability (i) for
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any breach of the director’s duty of loyalty to the Corporation or its stockholders, (ii) for acts or
omissions not in good faith or which involve intentional misconduct or a knowing violation of law.
(iii) under Section 174 of the General Corporation Law of the State of Delaware, or (iv) for any
transaction from which the director derived an improper personal benefit. If the General Corporation
Law of the State of Delaware is amended to authorize corporate action further eliminating or limiting

. the personal liability of directors, then the liability of a director of the Corporation shall be eliminated

or limited to the fullest extent permitted by the General Corporation Law of the State of Delaware, as
so amended. Any repeal or modification of this Section A by the stockholders of the Corporation shall
not adversely affect any right or protection of a director of the Corporation existing at the time of such
repeal or modification.

B. (1) Each person who was or is made a party or is threatened to be made a party to or is
involved in any action. suit. or proceeding, whether civil, criminal, administrative or investigative
(hereinafter a "proceeding”), by reason of the fact that he or she or a person of whom he or she is
the legal representative is or was a director, officer or employee of the Corporation or is or was
serving at the request of the Corporation as a director, officer, employee or agent of another
corporation or of a partnership, joint venture, trust or other enterprise, including service with
respect to emplovee benefit plans, whether the basis of such proceeding is alleged action in an
official capacity as a director, officer, employee or agent or in any other capacity while serving as a
director, officer. employee or agent, shall be indemnified and held harmless by the Corporation to
the fullest extent authorized by the General Corporation Law of the State of Delaware as the same
exists or may hereafter be amended (but, in the case of any such amendment, only to the extent
that such amendment permits the Corporation to provide broader indemnification rights than said
law permitted the Corporation to provide prior to such amendment), against all expense, liability
and loss (including attorneys’ fees, judgments, fines, ERISA excise taxes or penalties and amounts
paid or to be paid in settlement) reasonably incurred or suffered by such person in connection
therewith and such indemnification shall continue as to a person who has ceased to be a director,
officer, employee or agent and shall inure to the benefit of his or her heirs, executors and
administrators; provided, however, that except as provided in paragraph (2) of this Section B with
respect to proceedings seeking to enforce rights to indemnification, the Corporation shall
indemnify any such person seeking indemnification in connection with a proceeding (or part
thereof) initiated by such person only if such proceeding (or part thereof) was authorized by the
Board of Directors of the Corporation. The right to indemnification conferred in this Section B
shall be a contract right and shall include the right to be paid by the Corporation the expenses
incurred in defending any such proceeding in advance of its final disposition; provided, however,
that if the General Corporation Law of the State of Delaware requires, the payment of such
expenses incurred by a director or officer in his or her capacity as a director or officer (and not in
any other capacity in which service was or is rendered by such person while a director or officer,
including, without limitation, service to an employee benefit plan) in advance of the final
disposition of a proceeding, shall be made only upon delivery to the Corporation of an
undertaking by or on behalf of such director or officer, to repay all amounts so advanced if it shall
ultimately be determined that such director or officer is not entitled to be indemnified under this
Section B or otherwise.

(2) If a claim under paragraph (1) of this Section B is not paid in full by the Corporation
within thirty days after a written claim has been received by the Corporation, the claimant may at
any time thereafter bring suit against the Corporation to recover the unpaid amount of the claim
and, if successful in whole or in part, the claimant shall be entitled to be paid also the expense of
prosecuting such claim. It shall be a defense to any such action (other than an action brought to
enforce a claim for expenses incurred in defending any proceeding in advance of its final
disposition where the required undertaking, if any is required, has been tendered to the
Corporation) that the claimant has not met the standards of conduct which make it permissible
under the General Corporation Law of the State of Delaware for the Corporation to indemnify the
claimant for the amount claimed, but the burden of proving such defense shall be on the
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Corporation. Neither the failure of the Corporation (including its Board of Directors. indepen-
dent legal counsel or stockholders) to have made a determination prior to the commencement of
such action that indemnification of the claimant is proper in the circumstances because he or she
has met the applicable standard of conduct set forth in the General Corporation Law of the State
of Delaware. nor an actual determination by the Corporation (including its Board of Directors.
independent legal counsel or stockholders) that the claimant has not met such applicable standard
of conduct. shall be a defense to the action or create a presumption that the claimant has not met
the applicable standard of conduct.

(3) The right to indemnification and the payment of expenses incurred in defending a
proceeding in advance of its finul disposition conferred in this Section B shall not be exclusive of
anv other right which any person mav have or hereafter acquire under any statute. provision of
the certificate of incorporation. Byv-Law. agreement. vote of stockholders or disinterested direc-
tors or otherwise.

(4) The Corporation may maintain insurance. at its expense. to protect itself and any
director. officer. emplovee or agent of the Corporation or another corporation. partnership. joint
venture. trust or other enterprise against any expense. liability or loss. whether or not the
Corporation would have the power to indemnify sueh person against such expense. liability or loss
under the General Corporation Law of the State of Delaware.

{(3) The Corporation may. to the extent authorized from time to time by the Board of
Directors. grant rights to indemnification. and rights to be paid by the Corporation the expenses
incurred in defending any proceeding in advance of its final disposition. to any agent of the
Corporation to the fullest extent of the provisions of this Section B with respect to the
indemnification and advancement of expenses of directors, officers and employees of the
Corporation. '

TENTH: In addition to anv other considerations which the Board of Directors mav lawfully take
into account. in determining whether to take or to refrain from taking corporate action on any matter,
including proposing anv matter to the stockholders of the Corporation, the Board of Directors may
take into account the long-term as well as short-term interests of the Corporation and its stockholders
tincluding the risibility that these interests may be best served by the continued independence of
the Corporation:. the interests of creditors. customers. emplovees and other constituencies of the
Corporation and its subsidiaries and the effect upon communities in which the Corporation and its
subsidiaries do business.

ELEVENTH: In furtherance and not in limitation of the powers conferred by law or in this
Restated Certificate of Incorporation. the Board of Directors (and any committee of the Board of
Directors) is expressly authorized. to the extent permitted by law. to take such action or actions as the
Board or such committee may determine to be reasonably necessary or desirable to (A) encourage any
person (as defined in Article EIGHTH of this Restated Certificate of Incorporation) to enter into
negotiations with the Board of Directors and management of the Corporation with respect to any
transaction which may result in a change in control of the Corporation which is proposed or initiated
by such person or (B) contest or oppose any such transaction which the Board of Directors or such
committee determines to be unfair. abusive or otherwise undesirable with respect to the Corporation
and its business, assets or properties or the stockholders of the Corporation, including, without
limitation. the adoption of such plans or the issuance of such rights, options, capital stock. notes,
debentures or other evidences of indebtedness or other securities of the Corporation, which rights,
options. capital stock. notes. evidences of indebtedness and other securities (i) may be exchangeable
for or convertible into cash or other securities on such terms and conditions as may be determined by
the Board or such committee and (ii) may provide for the treatment of any holder or class of holders
thereof designated by the Board of Directors or any such committee in respect of the terms,
conditions. provisions and rights of such securities which is different from, and unequal to, the terms,
conditions. provisions and rights applicable to all other holders thereof.
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TWELFTH: The Corporation reserves the right to amend, alter, change or repeal any provision
contained in this Restated Certificate of Incorporation, and any other provisions authorized by the
laws of the State of Delaware at the time in force may be added or inserted. in the manner now or
hereafter provided herein or by statute, and all rights, preferences and privileges of whatsoever nature
conferred upon stockholders, directors or any other persons whomsoever by and pursuant to this

Restated Certificate of Incorporation in its present form or as amended are granted subject to the
rights reserved in this Article.
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Abstract

The history of a pioneering American
rocket propulsion enterprise is presented
from its early beginning as the entrepre-
neural outgrowth of liguid propellant roc-
ket experiments conducted by the American
Rocket Society in the 19308 to its even~-
tual acquisition by Thiokol in 1958. Among
the projects covered are the 3000-pound
thrust liquid oxygen-gasoline assisted
takeoff unit for the World War II PBM-3C
flying boat, the 350~ and 620-pound thrust
units for the Gorgon and Lark missiles, the
four-chambar 6000-pound thrust powerplants
for Air Force and Navy experimental aircraft,
the 8000-pound engine for the MX-774, and
the 20,000 pound engine for the Viking high-
altitude research rocket. Later projects,
typified by the XLR-99 engine for the X-15
extreme altitude experimental airplane and
"rocket-on-rotor” experiments are also
summarized.

1. Corporate History

America‘'s first enterprise devoted to
the commercialization of the rocket engine
was created more than 40 years ago in the
small town of Pompton Plains, New Jersey.
Named, appropriately, Reaction Motors, Inc.,
it came into being less than a fortnight
after the United States entered World War
11. Its four founders wers rocket enthus-
iasts who for years had been intimately.
connected with the American Rocket Sociaty.
All were convinced of the military and bus-
iness potential of the rocket in the expand-~
ing world conflict. - .

Their enthusiasm was bolstered by the
fact that in 1940, two of their number, H,
Franklin Pierce and John Shesta, had re~
ceived a request from an English firm for
help in the development of war rockets.
Declining the offer, they and their coll-
eagues Lovell Lawrence, Jr. and James H,

*Historian.
eeConsultant: formerly, Engineering Divis-
ion, Reaction Motors, Inc., Denville, New
Jersey, U.S.A.

U.S.A.

Wyld began, during 1941, to explore ways of
attracting the U.S, military to the poten-
tial of the liquid propellant rocket engine.

The four men fiqured that the best ap-
proach would be to demonstrate to the mil-
itary the 100-pound thrust regeneratively
cooled rocket motor, which had been davel-
oped and tested by Wyld for several yZars.
The time was appropriate, for American Roc-
ket Society testing had accelerated during
the summer of 1941 at a site turned up by
Lawrence near Wanagque, New Jersey. There,
Wyld and his colleques repeatedly fired the
lzg-pound unit for up to 40 seconds dur-
ation.

Heartened by the success of the motor,
Lawrence got in touch with Dr. George Lewis,
then director of aercnautical research at
the National Advisory Committee for Aero-
nautics (BuAer) in Washington. Soon, in-
terest was aroused as the agency began study-
ing the potential of the Wyld engine.

During this same period, Lawrence,
Plerce, Shesta and Wyld were meeting to
consider the idea of forming a company.
The name Reaction Motors was put forward

by Wyld, who envisaged it as a kind of Gen-

eral Motors of the rocket world. “The an-
alogy was not very close." he later admit-
ted, "as we had scarcely two nickels to rud
together, and our plant consisted mostly of
half of the upper floor of John Shesta's
brother-in-law's garage in North Arlington,
N.J., vhich was about as large as a rather
spacious outhouse.® !

The men persisted in their aim of obtain-
ing support from Buler: and, according to
Wyld, "Within a few weeks [of earlier contact]
Lawrence had succgeded in wrangling a visit
Cin November 1941] from a U.S. Navy repre-
sentative to witness a test run of the regen-
erative motor-~again in a hidden spot in the
woods near Wanagque. It was a good run, and

Note: This paper is copyright (© 1982 by
the authors Prank H. Winter and Frederick I.
Ordwvay.
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he departed quite enthusiastic.® The Japan-
eoe 7 December attack on Pearl Harbor in-
Hawvaiil occurred shortly afterward, followved
almogt immediately by RMI's first Navy con-
tract. "Very soon,"” continued Hyld, °we
vere installed in our own shop and vorking
like beaverso on our first experimental motc=
orpg for the Navy.° ’

The initial meeting of the new comp-
any's incorporators was held at 1008 hours
on 16 December 1941 at 150 Broadway, in
New York City. They were Harry B. Davig;
Charles N. Caldwell, Jr.; and Wilgon D.
Smith. On the same day, the Certaficate of
Incorporation of the company was filod with
.the Secretary of State of Nev Jeroey and
tvo days later a certified copy vwao rzecor-
ded in the office of the County Cletzk, Hud-
son County, Naov Jersey. At the 1§ December
meating, transferog of stock subscriptiong
took place from Davig, Caldvell and Smath
to H.W. Reese, B.D. Lavrence, and Beverly
Blizard, vho vere than nominated ag com-
pany directors for the ensuing year.

At 1300 hours in the aftermoon of ¢the
16th, the just constituted Board of Direc-
torgs mnet at 32 Broadway in New York. The
firgt order of business wvas for the corpor-
ation to receive one liquid propellant roe-
ket engine valued at $5,000 from Lovell Lavw-
rence, Jr.; John Shegta:; H. Franklin Pigree:
and James H. Wyld. Stock transfers wvazae
then effected, followed by tho resignatioas
of Blizard, Reecse, and B.D. Lavrenes and
their immdiate raplacement by lovell Lave
rence, Shesta, Pigrce and Wyld. This dona,
a l3-minute rocess wag taken. Upon roconvon-
ing, officers ware eclected and tresasuror
Shegta was ingtructed ¢o open amp OeEcount
in RMI‘'s namg at tha Progspect Park Nakionnd
Bank and the North Jersey National Bank of
Pompton Plains., Pilnally, thc board auth-
orized president Lawrence to enter into ne-
gotiations wic¢h the U.S. Novy Daparcaant
“to sell to scaid department the Ligquid Fucl
Rocket Motor for $5,000.00 and to offar tha
sarvices (without charge) of the compaay's
engineer [Wyld] to install and inotzuct in
the use of gsamo: conditioned, howaevaor, thae
paid Navy Department commisoion this Cog-
poration to build a similaxr motor capable
of a thrust reaction of 1,00000, for tho
oun of $20,000.00, delivory ¢o bo =ada
vithin £ive (5) =months of tho cigming of
tho contrnct...” 3

According ¢o Shasta, ho avy oag
dovmn the following obligations ¢ bo ful-
£illed by Roaction Motoxs withia 180 dayo:

1. Dolivoxr the cxiseling Wyld coeor ¢o
tha Navy

2. Davelop and domonstrnto 4 cimilar
100-1b. (45 kg.) thruse 20t0f opar-
ating on aviation gaooolinc aad
liquid oxygaa.

3. Develop a 1,000-1b (433 kg.) thzuoe
BOLOZ uUSing the game propellants.

4. Domonotzate regpeated otarts aand
throttling of the enginc devm o
half thrust. &

Thoy got tho tlyld motoxr 0££ ¢o ¢tho

Yavy on pchedule and received a velcome
$5,000. °With this money,® recalls Shesta,
°ve purchased & l-ton truck, rented an old
building and set up shop in Pompton Lakes,
N.J. Ve assigned ourselves nominal salarie
and wvent to work®.

Who were these ®en? What did they have
in common? And what brought them together
to work °like beavers® under marginal con-
ditions on ap only elightly understood
techrology?

Pizst and foremost, they were amatour
rocket experimenters wvho had been working
together since the mid-193088 under the
auspices of the American Rocket Society.
Each was technically trained and had worked
on engineering and related projects. And
the four men shared an entrepreneural
opirit.b

iovell Lavrence, Jr.., president, wap
a graduate of Montclair State College in
Nev Jersey. Prior to RMI, he had worked
for 7 years at the Internaticnal Business
Machines Cozp. aB assistant to the chief
engineer, Radiotype Division. There, he
designed and supervised the installation
of automatic radio-writing equipment_for
the U.S. Government. Lawrence would te=
main with Reaction Motoras until 1951

B. Pranklin Pierce served both ag vice
prosident and head of test engineering. As
oarly ac 1929, he had become interested in
rockets and had coastructed an engine pro-
pelled by alcohol and liquid oxygen. With
no built~-in ignitexr, it had to be fired up
by a flaming torch at the end of a long
otieck! Prior to joining RMI, Plerce aerve‘
4 yearg in the U.S. Navy in the machine
tzades and later worked in a similar cap-
acity with New York City's Interborough
Ropid Transit subway system. He stayed
vith RMI until 1947, when he sold hig stock
gnd departed for California to run a citrus

mn

The pocitions of t¢reasurer aad dizec-
tor of zescarch and engineering were oc-
cupied by Joha Shesta. A graduate and pog-
graduvate of Columbia University and latar
& eivil engingering instructor there, he
rocigned as chicf engineer of the Z-Flex
Pisten Ring Cozxp. ¢o join RMI. Shesta was
a wall-known designer and experimentar at
the American Rocket Society. Whea the
Grent Doprocsion throvw him out of wozrk, he
soid he vas thankful--"my job was beginning ‘
ta interfere with my real work,® @.9., test~
ing rockats with hip ARS colleagues. He
later becars an RMI viee president, &
ition he held uneil 1952 when he regigned.
Barly the following ysar, he also left the
compony s board ef diractozs.?

Jomes B. Wyld ameccomplished his under-
graduate and postgraduate work &t Princeton
Univezsity. Before joining RMI &8s secret-
axy and ehief research engineer, he was a
dosign engineer at the Rahm Instrument Corp.
H#is 100~-pound thrust, 1iquid oxygen-alcohol
roekot EOtOr wag, im the inventor’s words, .
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sthe first American deseign to apply regen-
erative cooling to all parts of the motor.®
Wyld died on 3 December 1953 while on sick
leave from the company. He was only 41
years of age. (He had recently been on
year-long loan to Oak Ridge, Tennesses
where ha investigated the potential of ,
nuclear fission to rocket propulsion.) &

puring the ensuing years of growth,
many other professionals would join the
RMI ranks. On the engineering and scien-
tific sides, among the bettar known were
William P. Munger, top-flight turbopump
designer and long-time chief engineer: pro-
ject eangineers M.E. °"Bud” Parker, Edward
Neu, Bernard Pearlman, Robartson L. Young-
quist, Albert G. Thatcher, and Barry W.Bur-
dett, Jr.; William R. Wright, Jr., patents
engineer; Paul F. Winternitz, expert in
physical chemistry and at one time or an~
other director or research and of labor-
atories; Robert L. Wehrli, research phys-
icist: and Harry B. Horne, chemical en-
gineer and engineering manager. Joseph Y.
Mollek was RMI's top manufacturing expertc,
Warren P. Turner its applications engincer-
ing and contracts head: and Laurence P.
Heath its government relations coordinator.
On the financial and administrative gide,
BEenry E. Michaels played a key role for
many years.

To get their program under way, RMI'g
four founders quickly focused attention oa
meeting the requirements for the 1000-pound
thrust rocket engine, vhich was to ba am-

ployed by the Navy to assist largs, heavily

laden flying boats during ponderous takeoff
runs--jet assistaed takeoff or JATO as the
procedure cams to be known. Not very ez-
citing, perhaps; but, as Lawrence later
pointed out, “weé had to hang our hat on
something that would sound practical ¢o

the greatest doubting Thomas. The words
rocket and missile had to bs handled wigh
great tenderness.”

Bang their hat, or zather bats, they
aid! ’

The early RMI rocket mOtors wera much
like the regeneratively cooled unit Wyld
had developed back in 1938, Tests and im-
provements registared during the first hald
of 1942 helped bring thrust ratings up,
with the Navy-contracted 1000-pound level
bsing reached by November. A full 3400
pounds of thrust was attained by Hay 1943
in response to a second Navy contract that
callsad for at ieast 3000 pounds (soe Pazxt
I1). All tha while, company persoansl
strength was increasing from the original
4 in 1941 to nearly 20 as 19242 eamo ¢to o
close.

Expanded responsibilities and ia-
creased personnel put pressure on office,
shop and test facilities. Conditions wezs
primitive, indeed. The North Arlington
garage space occupied by the company maeas-
ured only 40 by 20 feet and was partition-
ed. One section served for administration
and drafting, the othar as machine chop

and laboratory. Looking bick from the vam -

age point of 10 years, the founders faolt

that
In view of the company's limited re-
quirements, the plant was efficient.
When one of the four officer-employ-
eas received the nucleus of an idea,
he reduced it to a2 design in the off-
ice drafting room, then donned a et
of overalls and machined and assem-
bled the unit. When it was complet-
ed, he tested it by pointing the pro-
par end out of the back door and fig-
ing it into the New Jersey country-
sida, 7 .

That kind of operation sufficed dur-
ing 1942, but by year's end it had beconme
clear that some expansion was in order. Con-
sequently, the following January the infant
fitm moved into a three-story frame build-
ing located in Pompton Plaine. Owned by a
Mrs. Mary Dunn, the 11,600 square foot struc-
ture had previously been a silver factory
(it dated from the late 1800s) and laterx
°Tha Silver Circle” night club. It occupied
& site on Boulevard at Route 23, close ¢o
the Pompton Plains - Riverdale line.

Laslie Collins, an early RMI enmployee,
recalls that the move into the stucce-ex-
tarior structure °...went off very smoothly
and all hands were in there pitching. There
wvere the President, Vice President, Treasurer,
Secretary and Foreman [Collins himszelf )
and all the other employees (three), wiring
up machines, drilling holes in concrete,
setting up the engineering departmant and
stock room. By Monday, January 17, 1943,
the nev plant was all ready to go.?’°

In addition to the old silver factory,
RMI took advantage of the 34 acres around
i¢ to erect three stands. One was used for
testing liquid propellant rocket motors with
thrust zatings up to 1500 pounds operating
on liquid oxygen oxidizer and both gasoline
and alcohol fuels. The second tested multi-
Botor units typified by RMI's four-chamber,
6000~ pound thrust aircraft engines. And
the third was employed in resonating-type
duct angine testing. The company also main-
tained their oziginal stand at nearby Frank-
1in Lakes to test motors operating on liquid
oxygen and both alcohol and gasoline at thrust
zatings up to 3000 pounds. ‘

Reaction Motors' location in the towm
of Pempton Plains inevitably led to com-
plaints; after all, rocket motors are not
test-€ired in silence. As one inquiring
reportar cobsarved, °From & window of its
single building one could toss a rock to
the Aimits of ite crowded test arca.”

A petition was soon drawn up by a
number of irate citizens alleging that
vibrations and explosive detonations were
causing much unease and stress in the area.
Local committeeman EBmmet Petrin is then
reported to have stated that °It‘'s pret-
ty evident that Reaction [ Motors] is
hurting our town, and the other members of
the cozmmittee, spsaking unofficially,
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agree they ought not to be {in o residencial
area.® A young Riverdale housewife lament~ .
aed that °Rhen thogse tegts go off, I'm pcar-
ed out of my wits, the baby criegc and the
house shivers, Rsaction ought to go come
place, far, faor away.°

A week.oxr oo later, the Newark Bven-
ing News reportad a protest by the Pequan-
nock Tovnohip Committee in which i¢ wvag
stated that RMI may go “out of business or
out ¢o the Pacific.® It wvent on to add
that Pequannock residents had °prayed for
the necessary relief® from Reacktion's axn-
periments, wvhich “are damaging the propag-
tiee and health of the signers of a
vritten protest to the tovnship and ¢haix
fomilies.® 1% was further reported that
police chief Walter Swveetman had served
notice on the company that i¢o opplication
of August 23 %O gtore exploanives had bkocn
denicd. {(®e licence was officially re-
voked by him oa October 25.)'%

The upshot of all thip vas a mid-1946§
move to o secluded location at the U.S.
Naval Ammunition Supply Depot at Lakc Dan-=
mark, Nevw Jersey cloge to Dover. Tho
change wag particularly advantageous forx
the company's test operations, vhich ocould
nov take place at the 25-ascre site with 13
acoustic shielding afforted by vooded hills.

Tvo large buildingo in the old ordin-
ance battalion arxea at Lakc Denmark housaed
RMI'S engine design and model constxuction
and production facilities. Smanller otrue-
tures served for administracion, socurity,
and other pupporting servieeo. Tooting
took place in 8 remote @rod oA O ROXECGY
dirt roed betwgaen tha Dopot and Bibornia,
That the company wag pleasad with i¢s aow
location is attested by in i¢s Pirse Anau-
al Rgpore:

The location in a natural °“bowl® of
gsurrounding hills insulated by thoug-
ands of acreg of Goverrment property
acquired specifically for asmmunition
storage and testing provides onc of
tho best areas on the Eagtazn soae
board fozr rocket engine testing, yoe
wvithin casy distsnce of am ampla sup=
ply of pkilled laboxr and tost fuols,
Folloving the move to Lake Dommaghk
the congetruction of substaatial ¢ooe~
ing focilities wos started em Navy
proparty aad todoy tho ecempany opage
oteo opn of tho lasgase and bace
oquipped iiquid rocket cmgine tooR-
ing faciligieg ia the eoungsy. A0 Q
pofeguard for future testing zoguir
ments, the Cospany hag acsgulizxed a
porecel of 237 aczes of 1and juse
north of the prooont Navy oponoorod
toot azes. /Y

Three yoars after moving from Pompton
Plaing ¢o0 Lake Doamark, F1X chifted it ad-
sinintrative, porsonnel, financc and mon-
ufacturing funccionz 5 milas awvay €0 a
location at 2im and Stickle Stzoees 4m
Rockavay. The movae was celebrated en
Tucsdoy, § Docambar 1949 vhan tho acv

facilities vere ingpected by a distinguigh-
@ed group that included Undersecretary of
the Navy Daniel A. Kimball: Rear Admiral
Lloyd Harrison, Buler assistant chief of
deoign and engineering; Rear Admiral cal-
vin M. Boigter, BuAer'z assistant chief for
R&D: Commander Robert C. Truax of the Nav
Aeronautic Rocket Laboratory: Air Porce
procurement head for the New York region,
Brigadier General Arthur Thomas: Colonel
J.W. Sessuws, Jr., deputy chief of R&D at
the Aiyr Force Hateriel Command at Wright
Pield: Laurence §. Rockefeller; and many
others. :

Six years later, on 7 October 1955,
the company formally dedicated a new and
expanded plant at Denville consisting of
three main structures: one for engineering
and research, oneg for administration, and
one for manufacturing. Utility and plant
sorvices vare housed in separate buildings.
At the same time, Reaction Motors' test
facilities at Lake Denmark were mndernized
and expanded.

_Bach of thege moves reflected further
company growth. By 1943, the number of em-
ployees exceeded 20, then reached 55 in
1945, 120 in mid-1948, and 473 in 1947,
This growth put an acute strain on RMI fin-
ances: vwhile the company was technicaXly
prospering, f£inancially it wvas going dovm
hill. After posting a profit of $643 dur-
ing 1942 (its initial full year of opera-
tion), it sarmed nothing the next four.’?

At the end of the first full post-
Woxld War II year--~19486--the firm's net
vorth was minusg $100,000. And in mid-
1847, it oWed creditors oome $600,000.
F1i's problem was simple: too many fixed
price contracts had become unprofitable
vhon development costs exceeded estimates.

Fortunately, at this critical time
Laurence S. Rockefeller came to the rescue.
After many months of study and negotiation
wvich RMI officials, Navy officers, and
banking executives, he agreed to invest
ia the company. Charles Watson Newhall,
Jg., thon of the Rockefeller staff, recall-
od bow tho association came about. /&

It vas during the 1947 summer thag
Newhnll fizst became involved with RMI,
vhose officezs had rocently approached
Lauvzroneo 8. Roekafeller and the Chase
National Bank through theiz own Pirst
Motionnl Bank of Paterson, New Jarsey.
Latar, a8 RMI’3 plight worsened, the Navy
contaceed Roekafeller saying, in effect,
thn¢ wo have a littic company out ia New
Jexscy that is making important contzib-
uegions ¢to Navy and Algx Porce rocket pro-
grems and ve are most anaxious to keep it
aliva. How aboue taking another look? /7
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°Fhisg,” according to Newhall, °was a
gummons vhich loyal Navy man Laurence
could not ignore. . Likewise, it was a 'fax
out’ nov field of technical endeavor which
vas of interest to his new venture capital
oetdvities. In this instance, 'profit' vas
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of secondary consideration—helping the de-=
fense effort and pursuing o nev technical
field were primary.” Nevhall sayo he
never learned who made the call, but ag=-
sumes it was “someone in Admiral ‘Savvy’
Barrison's ctontract group.® /éd

Rockefeller put Newhall in charge of
investigating RMI ¢0 see if an agraecment
could be made. Newhall vorhked closely vigh
Lovell Lawrence, Jz., president:; Robert
Lawrence, accounting: and Jack Pethick,
treasurer. Nevhall discovered that as of
31 August 1947, there was a working capitanl
deficit in excess of $250,000.

The agreement between Rockefeller and
RMI vas signed 10 days later; and, accorxd-
ing to Newhall, involved the purchase of
$200,000 principal amount of l-year, {-par-
cent notes vwith detachable warranto for
the purchase of common stock. In Harch of
1948, this was increased by $100,000. By
December of that came year, Reaction Motors'
financial condition had improved to the
point that the company could increase its
line of revolving credit with Chase and the
Paterson banks from $315,000 ¢to $600,000.

°As soon as the agreement was signed.®
recalls Newhall, °“Laurence asked me to mOVG
out to R.H.I. and "hold tha fort' untcil
thay selected someone &5 general managerc.
Por the next 6§ weeks, I interviewved numer-
ous candidates sent out by the °Now York
offica°--also showed them the temporary
facilities at Lake Dznmagrk. One afternoon,
Laurance called and said that he and °Mac®
(J.S. McDonngll of McDonnell Adrezafe Co.)
would like to come out and seec MG, 'J.8.°
had been working closely vith Lauraaco ©o
help him vwith R.M.I.°

Nevhall remembers their scettling into
his small office and announcing that ¢thoy
had made thelr selection of gonoral maAnagex,
"and it was ma. You could have knocked ma
over with a feather,® he added, “sinco I
didn't kaovw I was under considaoration. I
vas pleasaed becauss I had bacoms vary ia-
tezestad in the company and ies pcopla.® 9

‘'HWith the fresh injection of eapitnl,
the financial health of Reaction Hotezs
improved. Employment inczoasncd, nov oguip-
ment was installed, and businass fexaecasts
became optimimtie. “Ia i¢n rolativoly cheoxt
life of seven yeacgs,” an RMI zopogt boaot-
ed, “the company has damonstzated ito cap-
abilities a3 one of the prime sourcos of
liquid rocket power plants and aeecosogiag
fozr the Serviess.® Examples of thce com-=
pany's firse seven years' occhiovaRoatso wago
then listed: ces Table 1. 28

Company growth continued; and, by
1951, 642 employees were oa the rolao.
Meanwhile, ia early 1930, Raymond W. Young,
Jg. arrived as vice president of cagincore
ing following a carecaer of 24 yocags at
Wright Aeronautical Corxp. ({acluding 10 as
chief angineer). 1Im Octobor 1951, ho Eo=
placed Lovell Lawzence, Jz. ag presidcat.
Theee months latar, Novhall xoportcod €0 ¢tho

Neas York Society of Security Analyistg

that Reaction Hotors had earmed about $1.25
a chare on 109,000 common shares in 1951
and that sales for the year had reached
oeme $4.5 million (up a million dollars
from the previous year). In December 1952,
he announced a8 $4 million expansion pro-
gram for the ll-year old firm.

iIn late November 1933, slightly wore
than 6 years after the RMI-Rockefeller
agreemant wags negotiated, the Mathieson
Chemical Corp. bought S0 percent of RMI's
outstanding stock and hence a controlling
interest in the company. The following
Hay, Olin Industries, Inc. and Mathieson
merged into the O0lim Hathieson Chemicgl
Corp. The 1955 slate of officers reflect-
od the changed control of the l4-year old
RMI (Tabls 2).

L

All the time, Reaction HMotors was grow-
ing. At the end of 1954, the work backlog
roached more than $7.5 million and sales
climbaed to $4.7 million. The next yearx,
sales exceeded 1954's backlog, which in
turn had soared to over $9 million. Sales
axcoeded $16 million in 1956 and almont
roached $§24.5 million in 1957. Between
1955 and early 1358, the number of employees
rooe from 669 to 1,639. -

fI's activities vere being clogely
vatehed by another expanding conmpany, the
Thiokol Chemical Corp. Founded in 1929 as
the first commercial producer of synthetic
rubbar in the United States, it had moved
into the solid propellant rocket field fol-
loving World War IX¥. I¢s 1957 sales ap~-
proximated $30 million. A merger between
Thiokol and Resaction Motors seemed appro-
prioto to ¢the directors of both companies
as woll ag to Olin Mathieson and Rockefeller,
vho batwesen them controlled more than tvo-
thizds of the outstanding RMI gtock.

A merger with Reaction Motors was pro-
posed to Thiokel stockholders at & meeting
in Trenton, New Jersey on 17 April 1958.
Thoy vore advised that if the merger vore

bocome offective, °approximately 200,000
Egctually 128,000] additional shares of cap-
ieal ceoeck of Thiokol Chemical Cozporation
vill be isgued to the holders of outstand-
ing otock of RMI.® Moreover, the approval
by holders of §6-2/3 parcent of Thiekol's
ocutotanding eapital stock would ba required
%o suthorize the proposed merger. Thiokol
ptockholdars were informed by president J.
W. Crocby that °All of your Directozs join
00 in rocommending a vote FOR this propos
ood.° Thiokol stockholders were enthus-
{ostie, voting 777,191 shares forx_the coming
noggar and o mere 3,884 agaoinst.

The merger plan dominated the reqular
macting of Reaction Motors' board of direc-
tozrs hold in Room 5600, 30 Rockefelles
Plaza in New Yozk City the morning of 24
Januazry 1958. Ia attendancs vere directors
William €. Postar, Myron B. Gordon, Hans
A. Rlagsbzrunn, Randolph B. Marston, Benry
B. Miehaols, Je., Barzy A. Sosnoski, BHarper
Weoduard, and Raymond W. Young. Also pre-
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sant were Joseph W. Antonides, vice presi-
dent and executive asgistant to president
Young: Alexander L. Keyes, secretary and
counsel: and Stuart N. Scott of the figrm
Root Ballentine, Harlan, Bushby and Palpmer.

Two documents were distributed at the
meeting dated 24 January: (l) form of the
agreement between Thickol and RMI, and (2)
form of letter agresemant between Thiokol
end RMI'g two principal stockholders, 0Olin
Mathieson and Laurence S. Rockefeller. It
was unanimously resolved:

that the proposad Agreement, dated
January 24, 1958, between Thiokol
Chemical Corporation and this Com-
pany, in the form submitted to this
meeting, be and the same hereby is
approved. and that the proper offi-
cars of this Company be and they hars-
by are authorized and directed to ex-
scute and deliver such Agreemant to
Thiokol Chemical Corporation, ia the
name and on behalf of the Company.

William C. Poster, chairman of RMI‘g
board of directors and executive vice pras-
ident of 0lin Mathieson, announced the over-
whelming Reaction Motors!' stockholder res-
ponse: 203,802 shares for the marger with
Thiokol, 1,415 shares opposad. The two
companies were officially merged at mid-
night, 30 April 1958, with RMI becoming
the Reaction Motors Division of the Thiokol
Chemical Corp. The final phase of Reaction
-Motors' history vas about to bagin. 32

In the following three sections, we
describe some of the principal projects on
which Rsaction Motors worked from the time
of its formation in December 1941 to its
demise as a corporate entity. Part II
treats auxiliary and principal power for
aircraft, the area of original RMI focus
and the one that set the company on itg
path towards fame and at least modest for-
tune. Test and sounding rocket activities
occupy Part III, and the miscellaneocus ap-
plications of rocket power Part IV. Since
this is an historical paper, ve do not al-
ways attempt to convert thrust measurements
into their metric equivalents.

II. AUXILIARY AND PRINCIPAL POWER PFOR
AIRCRAFY :

JATO Developmants

Since RMI initiated its business with
the development 0f JATO (jat-assistsd
take-off) units, it is usaful to sketeh
briefly the background of this important
application of the rocket and how thea com-
pany fit into that background.

The idea of the rocket as an auxiliary
powerplant for airplanes certainly did not
originate with RMI and was hazdly a new
concept. In fact, JATOs trace back to tha
18803 when an Englishman T.3. Bennett at~
tachsd gunpowder rockats to a 30-pound
stsan-propelled model airplane as its.

étsam engine was not sufficient to propel
the model alone.

H.H. Bales of Ashcroft, British Col-
umbia, Canada, took out D.S. Patent No.
1,003,411 on 19 September 1911 for a "Py
technical Auxiliary Propelling Mechanism,
perhaps the world's first JATO patent in
which large skyrockets were uttached to an
aircratt. Other patents followed, such as
one by A. Lepinte on 19 Pebruary 1924 (Bri-~
tish Patent No. 229,670) for rockets attach~-
ed between biplane aircraft struts for either
retarding the descent of the machine or,
wvhen needed, accelerating it. In Russia,
V.I. Dudakov and V.A. Konstantinov took out
their own patent on 8 October 1928 for thes
"Construction of Rocket Engines for Powered
Aircraft Plight,” vhich in essence was also
a JaTo. ¥V

These gentlamen may or may not have
known of possibly the first bonafide, full-
scale successful JATO flight made 8 August
the following year when a Bremen Type Jun~
kers W33 land plane fitted with floats. took
off from the Elbe River, near Dessau, Gear-
ANy, using six powder rocketsz ignited rap-
idly in pairs. Although Junkers was con-
vinced that it would one day be possible
to use rocket~asgist to lift the then-Targe
load of 5000 kg, follow-up experiments did
not come until much later. 1In any case,
Dudakov and FKonstantinov immediately con-
tipued thair own researches for the Soviet
Azrmy-gupported Gas Dynamics Laboratory.
They made their own solid-fuel flights be-
ginning in 1931, first with a U-1 light
ajirecrait and later with TB-1 bombers.

More importantly, they initiated liquid-
fuel JATOs, a fact that vas probably quite
unknown outside the USSR.

Probably too, the seansaticnalized
rockat-assigted glider flights financed or
flown in 1928-1929 by the colorful German
zutomobile manufacturer, Fritz von Opel,
cleaxly establisghed the feasibility of both
pure rocket aircraft and rocket assisted
take-off even if Dudakov, Konstantinov and
the early JATO pioneers rsmained totally
obscurs. By the mid-1930s, the military
services of several nations were undertak-
ing JATO development in earnest. Besides
the USSR, thasa countriss were Germany, the
United States, Japan, Great Britain, and
Poland. #F

U.5. developmenta are of particulaer
eoncern in this paper and are thus briefly
considered. The earliest American research-
e8 with JATOs were atartad by ths U.S. Asmy
Alr Corps in 1938 as an outgrowth of the
famous GALCIT (Guggenheim Aeronautical Lab-
oratory of the California Institute of Tech-
nology) as discussed at length in eariier
IAF papers by ths late Dr. Frank J. Malina.
Prom GALCIT came the formation of the Aero-
jet Engineering Corp. in 1942, which was
created chiefly for the purpose of manu-
facturing JATOs commercially. The Jet Pro-
pulsion Laboratory, established in 1944 as.
an outgrowth of GALCIT, similarly undertook-
JATO dsvelopment. *& .
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Lou Arata, ona of the f£first to be hirod
by Reaction HMHotors and an expert chopman,
contends that while hig company ctarted out
in the JATO business (as did Asrojet), it
was always interested in multiple applica-
tions of rockat powsg.

Whatever the project., RMI's principal
supporter and customer was the U.S. Navy,
- As seen in Part I, its Bureau of Acronasuties
wvag policited early in the potential devel-
opmant of James Wyld's zegeneratively cool-
ed rocket engine. Subsequently, late in
1941, Lt. C. Pink Pischer of ¢the Bureau in-
formed RMI'zs four founders of the Navy's
prime interest in rockets at the time--thc
assisted take-off of heavily loaded soa-
planes. Fischer becamg RMI'sc controeting
officer for the Navy.

The Navy sooOn cama o gupport not one
but five liquid-fugl JATO projects cimul-
taneously. These waere Reaction Motozo:
Aerojet and GALCIT (latexr, JPL): a group
headed by Dr. Robegg B. Goddard, inventor
of the liquid-fuel rocket: and the Navy'sc
own research team headed by Lt. Commandcz
Robert C. Truax. Truax, wvho like Wyld had
his original rocket enginea tescted oa ¢ha
ARS' Proving Stand No. 2 in 1938, began hig
own Navy JATO work late in 1941l. CGoddard
signed his joint Navy and Army Aix Forceo
contracts about the same time, but moved
his personnel and equipment to tha Naval
Engineering Experiment Station ot Annapolis,
Maryland, ia July 1%942.47

It i3 a curious fact that threc of
the Navy's aimul tansous JATO davalogpmant
programs were parxrtly conducted at tha camo
location--Annapolis. There RMI vwaso age
signad a small building at Aanapolio is
late November 1943. As Truax relates, not
only did the pressure of the Pacific war
dictate the immediate need for JATOC but
the Navy also °wanted to txry as many dif-
ferent parameters and designs a5 poociblo
for the greatest chancae of succaess.’ Thig
i3 confirmed by Lou Arata, who adds ¢hot
rocketry was then a wide opan £icld wvich
B0 many variables that nesded proviag oue
“gven MOre groups ofr axparimontars tould
have baen velcome.® Ia faet, sll throe An-
napolis groups offcred differont approaechoso:
but toe competing rocketoogs wore alvays
friendly and almost invariably waze help-
ful to each othex. .

Coddazd notod ia hio dinxy foxr 1%
Saptember 1942: °Went with L¢. [ G. Fiak]
and Mrs. Piseher o Now Jorsey, onré 0ov
the Reaction Motors sotup. Bad diancr wviegh
them and Lsvrencs and Shosea...” Agfogn To=
mambars occasional vigits {zem Goddard nnd
Truax and that the former loancd 4 pump <O
RMI. Unfortunately, it wvas dcefoctivo and
leaked! Goddard’s paperc raflect o -con-
tinued close association vith RMI aad
Truax throughout his (Coddard’sc) Ammapolis
years, up to his death in 19%45. Or onc of
two occasions, Lavzance suggastad O maERgar
with GCoddard, but vwithout gosuleg.d

The principle difference in approach
to Navy JATOg was the choice of propellants.
Goddard bad been a liquid oxygen and gago-
line man ever since he started with liquids
back in 1920. Truax, who had independently
developed his ocwn regenesratively cooled roc-
ket engine in the late 19308, began with
compressed aixr and gasolinae. In tests with
gasoline and liquid oxygen, he initially en-
countered ignition and combustion problems;
but, by 1942, s solution was found. Ong
of hig asgistants, Ensign Ray C. Stifg,
Bade ¢he lucky discovery of an entirely new
combination, nitric acid and aniline. They
were perfect hypergolic propellantg: ¢tha
tvo ingredients ignited spontaneously,
thereby obviating the need for an artificial
moons of ignition, and combustion was smooth.
Anocther banefit hypergolics offered the mil-
itoxy wvas that super cold liquid oxygen or
other cryogenics did not have to bs uced.
This greatly simplified engine preparacion
and storage. In modern parlance, the pro-
pallants were “gtorable” or °packaged® in
that they could bz kept at room temperature.
Such hypergolics as nitric acid and aniline
could algo delivar greater total impulse
bacouse of their greater density. Degpite
tho exntreme corrosiveness of the acid, Tru-
ax comfortably made the shift and was sghort-
ly followad by Aeszojet and Goddard, though

- Goddard still objected to both its corrosive

tcndancices and toxicicy.

Niezic aeid as an oxidizer is alloged
o have boen tried as early as 1930 by
Pricdrich Sandar in Germany. In 1932-33
¢ho American Harxy Bull tested nitric acid
and turpentine, a mixture found not to ba
porticularly @acoth (the acid reacts vaell
with only caztain hydrocazbong), The Geg-
Bans cecretly began to develop their owvam
hypergolic amixtures from the late 1930s,
culainating in projects like the Wasserfall
and Taifun missiles by the middle of World
Wag XI. At Reaction Motors, this form of
propellant vas not investigated until the
nid-1%940s, vhen it vwas employed in the Navy's
Cozgon IX-A and Laxk programs (see Pare 113) 47

The original Project EES-340) Navy Buler-
Reaction Motors contzact sealed in eagly 1942
stipulated that the company deliver ths
axisting Wyld zogeneratively cooled liguid
oxygon-aleohol motox. A similar 100-pound
thzupt motor burning ligquid oxygen and gaso-
linc vos algo to bz damonstrated. The pri-
DARY Foguiremant was to daevelop a 1000-pouad
thruse Rotor fueled by the same propellants
apd then ¢o damonstrate repeated stagts. We |
gocall f£rom Paret I that these tasks had to be
complotad within 180 days (im light of tha
pogious war situvation).

Reaction Motors' founders felt it bost
rot to dovinte from the basic gasoline-lig-
uid oxygen combination. But the Wyld engine
vas only designed for the cooler burniag
liquid oxygen and alcohol. According te
Shesta, °"A zeplica of the original Wyld mo-
tor quickly burned out when tested with gas-
olinc. This would aever do. A complete re-
dopign vag neeessary.® As=eng.other thingo,
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the machined aluminum bar nozzle wao oub-
stituted by & copper one. The motor,

known to RMI as the Wyld Rageneratively-
Cooled Rocket Motor Serial No. 2 and ¢o

Wyld himself as tha M15-G-1, worked success-
fully on the new fuel. It is8 now on exhibit,
along with the original Wyld engine, in the
National Alr and Space Huseum in Washington,
D.C. :

Fror this unit evolved other mmall exe
perimental engines,which were tested on the
American Rocket Society's Test Stand No.2
(also on exhibit 4{n the Museuwm). As the
portable gtand vas largely designed by
Shesta and fabricated in Plerce's basemant
shop, it was easily “borroved” from the
Society vhose own rocket experimsental
activities had ceased after the bombing of
Pearl Harbor. This test stand could static-
fire rockets up to 200 pounds thrust.’®

RMI's fizrst permanent stand, anchored
to & concrete slab at Pranklin Lakes, had
an initial capacity of over 1000 pounds
thrust. An adjacent blockhouse, which
still exists and is an official historic
monument of the State of New Jersey, vas
built about 12 feet (3.7 m) away from the
gstand. A surviving hand-written RMI log
book (whose notations began on 20 HMarch
1943), coupled with Lou Arata's recollec-
tions, indicate that Wyld had much ¢o do
with designing and improving the RMI stand,
vhich featured a moveable sacurity schelter
that was rolled right over the stand whon
it was not ia use.

The Wyld Serial MNo. 2 engine (afd sove
eral smaller tast motors) proved that gaso-
line and liquid oxygen could adequately
work in '‘a regenerative system. This motox
wag run about 50 times from & few sgconds
to ovar 60 saconds. Pven before this pare
of the Navy contract was fulfilled, pro-
gress vas made with tha 1000 pound thzuste
motor. Baecause of {ts much largsr siszae,
far greater heat was expected. Consequaeaat-
ly, stainlesz steel was chosen for the
nozzle rather than sluminum Of COpper.
Drawing from his past axperience with this
material, Shesta designed a sat of punchas
and dies. With these, plus a2 sscond-hand
hydraulic press located by Lawrencs, °vegy
satiszfactory nozzles® were formed.

Lavrence was alse responsibila for de-
valoping remotely-controlled throttling
valves operated by =mall slectzie motors
and gearwork. Wyld and Lawrance applied
for U.S. Patent No. 2,479,888 on 6 July
1943 for their throttling systam; a pagoat
entitled "Controlling System for Reaction
Hntor§;° wag not granted until 23 Auguste
1949.

spark plug or squib ignitaxs were of-
ten troublesome. In one test, the spark
plug porcelain broke causing a spray of ox-
ygen to escape from ths bhole. Iganition de-
‘lays, improper pre-mixing of the propellancs
or non-ignitions were typical. But ia aay
case, the 1000 pound engine worked satise
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factorily and was delivered to the Navy on
achedule. (The original enginae, according
to one story, blew up not long before the
qualification test was made. A replace-
ment wag then built in record time.)

As it turned out, Arata was to solve
the hit or miss igniter problem himself.
By the time the 1000 pound motor was finigh-
eC, a8 related in one early RMI promotional
pamphlet. ten different types of motors had
been pruduced ranging from 50 to more than
1000 pounds thrust. Arata says this may
have only applied to functioning motors, for
several test blanks wera also made. The
National Air and Space Mugeum has two of
these early JATO8 on exhibit, an M17G unit
(1942) of 1300 pounds thrust and an M19G mo-~
tor of 2000 pounds thrust.’?

Soon after the delivery of the 2000
pound unit, the Navy decided that much lar-
ger ones wera feasible. RMI's second Navy
contract thus called for a 3000 pound motor
rneant for installation in a PRM-3C patrol
bomber and test flown in accordance with de-
tailed specifications. Shesta made an in-
taresting innovation in the new engine. Be
fitted a multi-hole (40 or more) oxygen in-
jector into the head plate. These holnms
vere aligned concentrically with holes in
the lower plate that fad the gasoline.
°These mozzles,® he reports, °protruded
slightly past the lower plate, the annular .
space providing a clearance for a thin film -
of gasoline feed.
the cantal hole,
intersected the ansulus of fuel and provid-
ed gocd mixing.®

Arata rscalls that informality marked
the early days at Reaction Motors, with the
modifications of designs and techniques such
88 these worked out over lunches or coffee
breaks at the nearby Triangle Grill, Usual-
ly,” he remarked half facetiously

we ret there ¢ discuss an explosion
that had occured the day or morning
bafore. We would all pool our heads
together to figure out what went
wrong, where the obstruction or the
hot spot was. Then one of us would
oay, 'Why not try such-and-such?’
Bun [ & nickname for Lawrence] would
respond. “Yeh, let’s ¢ry iti® Then
ve would aill get back and work like
hell, sometimes until 9,10, or 1l at
night. Scmetimes John [ Shesta] would
also come around with a clipboard
and just make up modifications on-
tha- ﬂpoto 33

°Our greatest problem during those

yeazs,” Azrata continued, “wvas heat trans-
fez. Of course, regeneratively-cooled sys-
tems were the only way to go; but, this did
not mean that all tha cooling problems vere
solved, especially for long-duration runs.
There was sometimes a delay in ignition due
to slow propellant flow, causing ill-timed
starts and overheating or 'hot spots.’®

=~}

A8 the oxygen emerged from
it spread out in a cone that
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One answver, which wvas far f£rom pags
fect, vas Pierce's idea of making a cor-
rugatad winding or spiral out of o
metal ribbon by running i¢ through the
loosened gear teeth ¢f a lathe. The wind-
ings were placad between the cooling jacket
and the linar for owirling the ccolant fuel.
The purpose wag to slow down the circulation
process so0 the motor would be better cooled,
the fuel would be adequately pre-haeated for
better combustion, and the ignition delays
would be overccma.

Thae trouble with thip technique wao
that the ribbons were not always placed in
the right pogitions. After some ¢est rung,
motors vould bas dismantled to learn the rea-
son for complications. Often it was found
that the ribbong jammed in the wrong place,
blocking rather than asggisting fucl £low,
The ribbons sometimes shifted unknowvingly
during the course of manufacture. RMI en-
gineers began, negatively, to dub them
°wiggle rings.® Perhaps at one of the
Triangle Grill sessions a better solution
was worked out, for later wires ware placed
in groovesg arnund the cooling liner. By
adjusting them at different anglas and
lengths, it was pogsible to control or
ragulate the rate of coolant flovw,JY

The completed 3000-pound motor weighed
73 pounds with auxiliaries (the aitrogen
pressure bottle and other tanks). Tho
chamber was about 6 inches (15 cm) diamee-
er and 6§ feet (1.8 m) high. Onc run (con-
ducted on 6§ May 1943, according to the RMI
log book account in Wyld's handwriting)
lasted about 24 seconds at high thzruse: ¢tho
reaction vas measured by the roeordar ag
about 3180 pounds. Wyld vroto: “Plama
Btraight, not ramarkably long but intensely
hot---started & number of gmall fizxen in
woods and scorchaed ground.
ners off some nearby sandbags...Hotor ap-
pears to bs in excallent shape af¢ef TuA...'

In subsequent tasts, the upual ignitor.
problems wvere encountered; but, 08 14 Hay
1943, a "very long run. probably ovog )
fain.” wvas recorded. This bocams tho gean-
dard duration of the ecaginc.dS

Soon after, anothar selution was found
for the heaating problem. Aftar oma tant
in which the head plate blevw off °vieh a
sharp report® bescause of azcessive Proge
sures, wataer was injected through 4o gimplo
tee coanactien into tha gaseliac liaa.
This seamed ¢o reetify c¢the problar. °AL-
tar Hay 24 1943],° wrota Shesots, °all
our tests used water injection.” By Oc-
tobar, the first static teses wvara pada
with simulated PBM-3IC aircraf¢ .boattails
Bade of plywood and covered with corzuga-
ted matal. They were conducted ot Ril'p
facility in New Jazsay.

Pinally, the time arxrived for quiek
takeoff and landing flight ¢trinlg. Coaptain
William L. Goza of the U.S. Marias Coxps
sazrved 28 tha pilot on the fixst Ronetion
Hotors JATO flight at Annapolino om 12 Jam-
uary 1944. (Ho was algoady a vozoenn.of

Semt . wr o G e TN e —
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other guch flightse, having managed Coddard's
JATO unit on a PBY aircraft beginning in
Soptembaer 1%42.) BY every account, these
trials went well. Ye&, for all their labors,
the Navy never officially adopted any of
Reaaction Hotars' JATO unita,

that bad gone vriong?

In o word, it vas the company's choice
of the liquid oxygen and gasoline propellants.
Compared with the proven efficiency and.,
more importantly, the convenience of hyper-
golics used by Truax and Aerojet/JPL, oxy-
gon and gascline simply ware not pracecical.,
eopecially for emergency military use be-
cavse of the reasons cited earlier (pro-
curing and stogring liquid oxygen, eze.)

In the end, Aerojet's high-performance,
fully gtorable solid propellant units be-
czme the mOst successful militarily and
commercially. At the conclusion of the
PBM tests, reminisced Shesta, °we had def-
initely given up gasoline as a propellant”
and svitched to alcohol, which we felt much
batter suited for rockets than gasoline.®

Notwithstanding its JATO disappoint-
®2ant, Reaction Motors progressed in other
areas.  In the words of Rear Admiral “Cal-
vin H. Bolstear, the company had “algeady
damonstrated remarkable engineering skill
in this infant £ie0ld° of rocketry. The
fizm wag already becoming engaged im othar,
70A-JATO projects. One involved providing
=ain, rather t¢than assisted, propulsion for
axparimental aircrafe.?s

Priacipal Power for Alrcraf---Rocket Planes

Ironically, while the hypergolic propellam
(red-fuming) aitric ncid and aniline possensced
gualities which made #t highly desireable for
JATO applicatioas, # also had very serious
drowbacks which made i highly undesirable
uoe as the primary source of rocket propulsion
for airerafl. The advamtageo have already beea
cited above: no igniter device needed, oo cFyo- .
geoie ctorage required, elc. This meamt quick-
storiing, easily storable and powerful JATOD .
On the other hand, as Goddard most objected
to, the aeid fumes wevre highly toxric besideo
bolag eorrosive. Pllots of rocket planes would
hove beea cxposged to the greatest risks due to
these deawbacks, not to mertion the chance of
uaplanned, instastansous combustion. These
qualitico of the rocket propellant may have beea
to RMI'o disadvamage when #¢ came to JATO0
bt worked to RMI'o fovor regarding rocket
atreraR. 37

Following RMI's JATO phase, the company
teraed awey from gasoline and Uquid oxygea and
began experimenting with the original James
Wyld choice of Uquid oxygen and alcohol oiace
this combination was cooler and casier to handle
ia regoaerctively-cooled eagines. RMI alse
wodestook hyporgolic developmeris which were
ouecosofully employed in the Gorgon H-A ced
Losk miscile programe. Aerojet continued 0
ewe hypergolic receareh aad by 1044 was devel-
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oping & 2,000 1b (807 kg) thrust acid and aniline
engine called Rotojet. It was meant for the
proposed Northrop XP-70 rocket-propelled flying
wing imterceptor for the Army Afr Forces.
Neither the aircraft nor the engine materialized
but 1ate in 1944 two transonic aircraft projects
began to evolve. One was the Navy proposal of
a ground-launched turbojet-powered craft, later
designated the Douglas D-558 and made in
turbojet, jet and rocket, and all-rocket powered
versions. The other project was sponsored by
the Army Air Forces and was an air-launched
all-rocket powered aircraft which became koown
as the Bell XS-1 and later the X-1, 74 v
In January, 1945, the Navy's Ships Installat-
ions Branch was requested to develop a rocket
powerplant using liquid oxygen and gasoline for

the D-558. "AtYhat time, " according to the . °

1848 GALCIT survey Jet Propulsion, "oo data °

was available for specific powerplant require-

ments. Accordingly, Reaction Motors, Iac.

of Pompton Plains, N.J., was requested to

undertake the development program on a small

size powerplant. This approach was taken {n

order to anticipate and solve problems as soon

as possible in small scale and hence save time

as well [as) expenditures of money and equip-

ment agsociated with large-scale tests. Num- |,

erous problems in motor ignition and gas feed

comtrol were worked oa ia this manner during

February, March and April of 1945. In the

early part of May it was decided that the power |,

plaat should deliver between 4, 500 pounds :

[2, 040 kg) and 6, 000 pounds [2, 720 kg] thrust.

Consequently, the total thrust was divided {nto

four parts of 1,500 pounds [680 kg) thrust

each. By this method, the fourth motor can

be added or deleted as required and the com-

plete powerplant can be operated at any one

of the {mmediate stages." The overall rocket

motor became famous as the §000C4

(6,000 1bs of thrust from four chambers). ‘"

"In cooperation with the Army Afr

Forces' program of transonic aircraft

research, ' the GALCIT survey continnes. i

"the Navy bas arranged to release the first

propulsive uatt of the above design to the :

Bell Afrcraft Corp. " This {s bow the 6000C4 '
- was started under a Navy contract yet first

powered the Air Forces' sponsored Bell

X-1. According to Harry W. Burdett,Jr.,

RMI's chief engineer oan the §000C4, th

original engine's outer jacket was made of

ordinary carbon steel (Shesta says this was

chosen for reasons of economy). Carbon

steel rusts. The eagine also had copper

tubing. Hence, when the Air Forces!

Ezra Kotcher, head of thelr tranioaic

LUrcraft projéet, came to Lovell -

Lawrence to examine the 6000C4 to see

{f it could {ndeed be used in the D-558

program, the engine was somewbat rusted

and did not look preseatable. Shesta

recalls that the head of Bell's XS-1 design P

team, Robert M, Stanley, also saw the

engine in this condition and said: "I don't
like that. It's got to be stainless steel.' The
change was subsequently made and for better
appearance sake the eangine was also painted
black. Burdett says that because of the
tremendous noise plus its appearance, the
8000C4 was knicknamed the "Belching
Black Bastard. ' However, he adds, this
name had 'to be cleaned up for the press. "
It was therefore re- dubbed "Black Betsy,"
after Lawrence's infant daughter, Betsy,
and because the name also sigoified
reliability. Officially, the Navy desig-
aation was the LR-8. The Alr Forces
designation was LR-11 (Liquid Rocket 11),
or XLR-I1I-RM-1. ¥*

Burdett says the first 6000C4 model
was fired on 30 August 1845 but that oaly

-two of the chambers worked. The other

two had fuel leaks. Blowouts and ignition
and injection problems were common in

the development of the eagine, but Lou
Arata, RMI's self-taught buf expert

shop man, devised a fool-proof igniter

that was successfully tested 500 times
without fail, In effect it was a miniature
rocket {n itself that was shaped like a i
Ventur{ with fuel and oxidizer inlet
holes drilled in the sides. The fuel
and oxidizer would be pre-mixed and
{gnited by an adjoining spark plug.
Lawrence, who at that t{me had just
returoed from Germany after help-
ing the U.S. Government investigate
Germany's state-of-the-art of
rocketry ({.e. just after the war),
was so impressed with the i{gniter
that he ordered Arata to immed-
iately make four of them. The igniter
was subsequently adapted to the
6000C4 according to Arata. Burdett
says he himself was responsible for
solving the injector problems. Prior
to passing the qualification tests, the
6000C4 was test-fired in various
positions for more than 800 seconds
total as the unit could be placed

" borizontally as well as inclined up

and down to 45 degrees This move-
ment of course simulated roll, pitch, and yaw
in aireraft. Each of the chambers, which
could be fired separsately or in unison, were
tested a minimum of 270 seconds. Once
qualified, Betsy was accepted as RMI's
Project No. 171, Contracts C-107183 and
C-108762 to the Bell Aircraft Corp..
effective 20 May 1946 with s lcheduled
completion date of 18 April 1947. ¢

The subsequent history of Rencﬂnn
Motors 60 00C-4-powered aircraft, the Bell
XS-1 (X-1), also called "Glamorous
Glennis, " after the pilot's wife. is well
covered {n the litersture. On 14 October
1947 the Bell X-1 with Captain Charles E.
Yeager at the controls was the world's
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first aircraft to fly faster than the
speed of sound (Mach 1.06 or about

700 mph, 1,126 km/hr). Other data
relative to this historic aircraft
engine are that it burned an ethyl
alcohol and water mixture with liquid
oxygen. The welded, stainless steel and
aluminum tubing engine was 54 inches
(137 cm) long and 49 inches (124 cm)
wide (the arrangement of the four thrust
chamber tubes for the Air Forces' X-1
wag in a diamond form: for the Navy's
D-558 and other projects a square
pattern was preferred), Each chamber
was 18 inches (45 cm) in outside
diameter. Total engine weight for the
Bell X~-1 version of the engine
(nitrogen-fed type) was 345 lbs (156
kg) unfueled. Subsequent 6000C-4s
under a trubopump feed system of
12.240 rpm's and driven by the de
composition of hydrogen peroxide.

RMl's 6000C-4 also powered the Bell
X-1A and Bell X-1-3 aircraft. With slight
modifications, the engine was also fitted
{n the Navy's Douglas D-558-1 Skystreak
which was also powered with an Allison
J-35-A-11 5,000 1bs (2,268 kg) static
thrust turbojet. Similarly, the Black
Betsy was the powerplant for the all-
rocket Douglas D-558-2 Skyrocket and
the Douglas D-558-2 Skyrocket, jet
and rockét version. Some of the D-558
series were modified for air-launches.
These aircraft also flew supersaanic.

" One of the planes, the Douglas D-558-2 #2
Skyrocket, jet and rocket version, becarme
the world's first aircraft to exceed twice the
speed of sound, reaching Mach 2. 005 or
1,291 mph (2, 077 kn/hr) during s dive on
20 November 1853, Scott Crossfield pilot.

The first rocket aircraft were purely
experimental machines, however, designed
to probe transonic flight. The Air Force's
Republic XF-01, fitted with the 8000C -4, was
the first supersonic combat fighter though
technically it too was experimental. Like the
Douglas Skyrocket, jet and rocket version,
the XF-8]1 had dual powerplants. The rocket
eagine was considered an auyxiliary means
of propulsion for sccelerated take-offs snd
climhs and for operstions at high altitudes
past the sonic barrier, The plane's General
Electric J-47 turbojet of 5,200 1bs (2,358
kg) static thrust constituted the primary .
power. In the XF -81 the four rocket chamb-
ers were separated, two in a vertical line
above the jet engine and two below. On an

‘" undisclosed date {n September, 1852,
Republic's Rusell (Rusty) Roth flew the
XF-86] on the first of its supersoaic flights.
Republic's President, Mundy 1. Peale,
announced the flight shortly after, stressing
that the XF-51 was ''not purely a research
plane” and "is combat ready.’ Only two of
the aireraft were built, however, and 2o

93

production contract was issued. A con-
tenplated XP-91A unit with an up-rated
8000-pound thrust motor (possibly an
Asrojet Engineering Co. development)
designed for hypergolic propellants was
never realized.

ors' rocket powe:p;l.ntn.

On 30 September 1955, a contract was
let to ths North American Aviation Co.
for the development of a hypersonic roc-
ket powered airplane designated by the
Air Porce the X-15. In their rocket and

| space travel history, Wernher von Braun
‘and Fredearick I. Ordway would later call

/"the X-15 *the closest thing to a winged

_spacecraft that has ever been built" (up
,t0 1966, when the first edition of their
"book was published; in fact, the X-15 re-
presented a major step towards today's
space sbhuttle). .

! Because of its experience and suc-

. cesses with earlier X-series airplanes,
Reaction Motors was awvarded the contract’
for the X~-15 angine which, when later de-
veloped, became known as the fully throt-
table, 59,000-pound maximum thrust XLRI9
‘Rionesr.® The unit operated on anhy—
drous ammonia and liquid oxygen propel-
lants.

Early X-15 flights, made between
1959 and 1960, were accomplished with two
modified "Black Betsy”® engines with the
Air Force designation XLR1l.

' As the subsequent development of the
X-15S falls out of the time frame of this
paper, it is not dealt with any further.
It can, however,
remarkable airplane set a number of out-
standing records. Among them:
1967 flight that reached 4520 miles per
hour (7274 ka/hr) or Mach €.7; and, on
22 Auvgust 1963 an altitude of 67 miles -
(107 km) . ¥5

Having made this observation, it is

useful to note at this time that our paper

This was not the end of Reaction Mot~

be noted herein that this

a 3 October

does not include many minor Reaction Motors'
activities nor, more especially, is it pos-

sible to deal with projects that may have
got under way before the Thiokol Chemical
Corp. takeover 14 1958 but that would not
Bature until after that time within the
framework of the Reaction Motors Division
(RMI's successor designation).
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I1XI. TEST AND SOUNDING ROCKETS

Pollowing & close second in impor-
tance to its aircraft auxiliary and prin-
cipal rocket motors was & series of propul-
sion units for Navy and Air Force test and
atmospheric sounding vehicles. 1Includaed
wvere rocket motors developsed and manufac-
tured for the Lark surface-to-8ir £light
test rocket, the MX-774 precursor to the
Atlas intercontinental ballistic missile,
and the Viking rocket used at first for ax-
¢treme altitude exploration and later for
testing components for the Vanguard Satel-
lite launch vehicle.

LR2-RM-12 and XLR6-RM-4 Engines for lark

Duging 1944 and 1945, Rsaction Motors
build approximately fifty 350-pound thrust
rocket engines that operated on mixed acid
and mixed aniline hypergolic (self ignit-
ing) propellants. They were based on an
earlier 340-pound CML-2N-1 U. S. Naval En-
gineering Experiment Station design and
were mounted on the Gorgon II-A pilotless
ajircraft. The Navy planned on using these
gehicles against Japanese naval and max-
chant shipping in the Pacific.

Building on CML-2N-1 experience, RMI
engineers came up with a two-chamber uait
consisting of 220 and 400-pound thruse
chambers maunted together (the latter was
an uprated Gorgon II-A gylindar). Two
models avolved, the pressure-fed LR2-RM-12
and the turbopump-fed XLRé-RM-4., About
500 of these engines were built for the
Lark ground and ship-to-air exparimental
migsile. The idea was to usa the mmaller
cylinder for cruising and the lazger oas
for extra cpeed as the aerial targat were
approached. Data on the twvo engincs axa
summarized in Tablse 3.

Manufacturad both by the Pairchild
Engine and Airframe Co. and the Consolida-
ted Vultee Aircraft Corp., lLark was ogfig-
inally designated XSAM-N2a. Later, iam ~
1950, it was reclagsified as the CTV-RN=2
component test vehicle. Most were fitted
vith Mach limiters that permitted the mig-
sile to reach but not to exceed Mach 0.85.
When ® Lark approached this speed, an ip-
dicator closed the electric valve whieh,
in turn, closed the propellant valve ard
consequently stopped the operation of ¢the
400-pound thrust chamber. The ravecse oe-
curred wvhen the missile dropped bslew the
limiting veloeity. Launchings ae figpe
took place from a 450-foot (137 m) loag
inclinad ranp at the Naval Ozdnanca Tase
Station, Inyokern, Califormia. Later, thay
were made from a zezxo-length launchaer at
the Naval Aizr Missile Test Center in Podiag
Mugu, also in California, as well ac from
the USS Norton Sound at sea. Typically,
Lark wou undergo <240 seconds of powerad
£light: but, during one test in Decambex
1948, power lasted for 2935 secondsg cazry-
ing the missile over a distance of moze
than 25 miles (42.3 km).¥4$

Although the 620-pound thrust cnginas

wvare esployed exclusively for Lark, the com-
pany felt they could be used as assist take-
off units for light liaison and command-type
aircraft. Lou Arata cannot recall any such

use, though & 1946 GALCIT survey Jet Propu
bion mestions an RMI motor in.1912 being
convarted to burn an unspecified fuel wi

nitriq acid and making successful runs, °but
then git ] exploded...and was. abandoned.®
John Shesta belieaves that this motor may have
beem adapted by Lt. C. Fimrk Fischer at An-
napolisg to use the acid as acid tanke and
other equipment were set up there.

XLR35-RM-1 Engine for MX-774

After the war, RMI carved out a small
piece of the emerging large rocket-propelled
missile programs that were based on or in-
spired by the German V-2 and other mil{tary
vehicles. During the immediate postwar per-
iod, the Germans and their American col-
lzagues vere flying and testing captured
V=25 from White Sands in New Mexico while
simultaneously embarking on the new Hermes
migsile projeect. For its part, the Navy had
started developing a Viking sounding rocket
that was based in considerable part on V-2
technology. At the same time, the newly
created Air Force was tackling a long-range,
rocket-powered delivery vehicle using—the
MX-774 missile to test the concept.

As it turned out, RMI received engine
davelopment contractg for both the Air Force
and Navy projeces.

The MX-774 was short-lived, but did pro-
vide the Alr Force; its airframe contractor,
the Coasolidated Vultee Aircraft Corp.; an
Reaction Motors with valuable experience.
The engine, designated XLR35~-RM-1, had four-
chambers, was regeneratively cooled, and
was capable of operating over a nominal 7,600
to 8,400 pound thrust range. It congisted
of a thrugt assembly, & turbopump assembly,
and associated components. The engine was
flown three times in the 3lh4-foot (9.6 m)
long MX-774 test vehicle. 1In-flight pitch,
roll and yaw control was accomplished by
swivelling the four chambers, then a novel,
untried mathod. The XLR3S~-RM-1 was the first
engine to combine a turbopump feed system
vith variable thrust and multi-swivel, gyro-
controlled chambers.

Besign of the engine was completed in
lato 1946 and model and acceptance testing
vag undartaken in June of the followving
year. A maximum thrust of 8,800 pounds was
obtained at a specific impulse of 227 seconds.
Gensral design spacifications and operating
characterigtics are summarized in Table 4.

The MX-774°s airframe wes designed by
2 Convair team headed by Rarel J. Bossart
and consisted of three all-metal sections:
the fuselage nose, fuselazge center, and the
tail. The nose was made of aluminum alloy
and housed the electrical, stabilization,
and guidance and control components and test
instrumentation. The center consisted of
propellant tankage constructed of welded
aluvmkinum., The liquid rocket engine and the
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control surfaceg were housed {n the aluminum
alloy structure in the tail pection. Inte-
gral tankp vere introduced to rocketry with
the MX-774 and alpoo the idea of oeparating
tha nopcconc from the main rocket ctructure
after pock oltitude vag realized.

Tho Reoction Hotoro rocket engine
veoighed 396 poundsp (179.6 kg) and congumed
liquid oxygean and alcohol. The decompocition
products of hydrogen peroxide drove the gtur~
bine, vhich waoc coupled to two pumps that
furnished the propellants <o the combuntion
chanbero. :

The MX-774 wao otatic-¢cested at Point
loma, San Dicgo, in California from mid-
1947 ¢o late 1948. As noted in Table 3,
it vas flovn three times at the White Sands
Proving Grounds in Nev Mexico in July, Sap~
tember and Decamber. A failure ia the eloec-
trical cystas led to premature cutoff of an
othervise flawlescly functioning firaoe
£light enging. MX-774 rose over a milae
(1.7 km) high, then crashed only 600 feet
(183 m) from the blockhouse. No. 2 fared
somevhat batter, reaching nearly 30 miles
(48 km). Excessive oxygen tank pressure
coused the missile to break apart in mide-
aixr. Tho third flight went woll for 13
seconds, vhen the engine cut off. An ag-
tempt vas made to parachute-recover the
migsilae, bu¢ vibrationgo caused it to ax-
plode. The HX-774 project ic degoeribad
in a number of oources. ¢

XLR10-RM-2 Engine for Viking

The engine developed for the Naval Ro=-
poarch Laboratory'’'s RIV-K-12 Viking high-
altitude sounding rocket was guite diffax-=
ent from that sclected for the MX-774.
Instead of four psmall thruct chambozrg i¢
relied on a cingla, large one that pro-
duced more than 20,000 pounds of thzuse.

The contract ¢o develop and manufac-
ture the XLR10-RM-2 (the official deoig-
naction of the Viking rockat gagina) wao
signcd ia 1946 and ¢he firse povogplone
vag succescfully togt fired o yoorx lakox.
Although tho early Viking lounchos wogo
not impresgsiva, in timo ¢ho roekot azecod-
ad the alctitude capabilictico of ¢ho eap=
tured German V-2p. Table 6 providoo f£1lighe
dota for the migoilo from tho f£izne £ixing
ia May 19249 ¢o ¢ho lage ia Hay 1987.

Tha onginc concictad of o larga cem-
busction chamber, o turbopump uvalg, and aoe
sociated valvas and comtzolo. All taakngo,
viring and piping warce cupplicd by tho Gloaa
L. Martin Company primc contxactox.

Tho initinl oporating chozoeesoriotien
ond gpecifications of tho aagino 0r0 group-=
08 4n Toble 7 . Owver tha yeazs, imprevoe
mentg vere mado o the anging. Thug, i¢
doveloped 20,430 pounds of thruse ea tho
€izot Viking £light, 21,429 on tho laoe.

Tho thruot cyliadae congsiotod ef ¢ho
combustion chambay and a voatugi nezzla.
It vas composad of 4 choot naiekol iancs
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jacket rolled into a cylinder and velded.
The engine vao cooled by circulation of

the alecohol fuel in an outer jacket gur-
rounding the combustion chamber, supported
approximately o quarter inch (0.63 em) dig-
tant {rom the outpide diamater of the cham-
boxr by opacer rods (that extended f£rom one
ond of the chamber o the other in several
chort lengths). The outer jscket coatour
vag interrupted by expansion channelg
vhich, when pregsure wag applied, tended to
aoxpand langthvise to alloy for thermal ex-
paonsion of the combustion chamber in opaer-
agtion. A reinforcing ring vas velded onto
tho jacket throat section to prevent the
pococible distortion of the nozzle throat.
The fuecl entered the aengine by four li-
inch (5.7 cr) fittings at the nozzle end
of tho jacket ond vap distributed uni-
fozmly around the cylinder.

The powar trancmicsion and pumping units
conoigtad of a cingle ctage turbine and
o centrifugal pumps. flydrogen peroxide
caterod O @30 generator containing a man-~
ganecse dioxide catalyst. The resultant
charical reaction produced super heated
gctcam, vhich wvag supplied to the turbine,
Tha turbine operated at approximately 10,000
zpm, and developed an output of approximate-
ly 300 horoe pover. Impellers at bogth ends
of ¢the turbopump forced the -propellasmts
chrough the outlet ports of the pumps at
¢ho propar digcharge pregscures.

Xn igs Viking applicaction, the thrust
chambor wag mounted to a gimbal ring thae
pormitted owiveling in o horizoncal planc.
Moveaant in the porpendicular plane wvag
affeetod ¢hrough o cimilar mounting of tha
gimbal zing to tho migsile airfraamae.

Ca 21 Scptembor 1948, a prototype en=-
ging producad 21,000 pounds of thrust forx
66 goconds, o porformance that satisfiod
WiL. Tho £igpt production engine wagp
chipped from RMI to the Glenn L. Martia Co.
poon afterward. Viking No. 1, meanwhila,
vao ¢aking shape there during the auvtumn,
and by Doecabex it vao completed. The next
=onth, tho sounding rockat was ocent from
Soltimoro out to Whiee Sands, Nov HMexico
vhago 4t wao roadicd for scotic and flight
£izing.

NReor o dxy zun on 28 Pebruarzy 1949,
tho firot oeaele tost took place oa 1l
Mnzeh, afeaxr seoveogal poctponemcnts. Stoam
gzom ¢ho ¢uxbimo onhoust started o £izc in
¢ho ¢ndl ooevion'sc pipc iasulation, but tho
gockot vas mek damagod. Tho scecond sptatic
tooe, on 28 Apgil, was cut schort prematurcly
vhon oemqona gav geoka, but no evidoace of
€4izc vas found. Ploag want ahead for the
£4zpt lounehing.

g oecuzzod oa 3 oy 1949 at 0900, "
vikiag 1 zoachod am altitude of slightly Ei
ovor 30 milos (80.5 lm), 163 soconds afeel
takooff-=~0 highly cruditable performance
for tho moidan £light of any rocket. It
2018 ¢o Zoreh apoue 16 milos (16 Im) from
i¢s lounek poiank, having otayed aloft ooma
6 ninvgoo. Anorican high-anledtudo rocket
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sounding was coming of age.

: Since the experience of early fli{ghts
hsas applied to the design of later models,
jno two Vikings were exactly alike. Plights
12 and 3, wvhich took place {n Septenber 1949
«and February 1950, reached approximately
ithe same altitude as the first. Viking 4
was fired on 11 May 1950 from the USS
INorton Sound in the Pacific. The test gave
jnew {nformation .about the problems of
.launching rockats at sea and allowad
‘scientists ¢o gather data on the bahavior
of cosmic rays ia the upper atmosphere at
Jthe geomagnetic equator. Despite the dif-
;£iculties of a shipboard launch, the Pro-
‘ject Reach grocket (as the operation wag
.called) soared to a height of 108 miles
{170.5 ka), very nearly ths theoretical
maximum for that particular vehicle.

: The next three flights vere made from
White Sands. Viking S5 reached an altitude
‘of 108 miles (170.5 km} in November 1950,
Then, the following month, Viking 6 reached
.only 4 miles (6.4 km) because of a rapid
deterioration of aerodynamic stability afterx
fin control was lost. Viking 7, £flown {in
August 1951, established a record height

of 138 miles (219% Jm). All three carried
‘instruments that included Geiger counters,
ionization chambers, photomultipliag tubag,
and camerag.

Hore than a year went by befoze tho
‘next €iring. The tima was usad to cazsy
‘on design work, in process sinee 1950, for
a larger, heavier Viking with a motor cap-
abla of firing for moze than 100 seconds
(compared to the SO0 to 80 seconds of the
earlier models). Almost all the extra
3500 pounds (1588 kg) that weat iato the
na¥ Vikings wvere propellant, not astzuctozro.
The new sounding rockat could go higher
than the old Vikings ox carzry heavierx
payloads to the same altituds.

. Seven of the nev Vikings and thair
rocket engines ware built and flown. Tha
only fallure was the first one, Viking 8,
wvhich experienced one of tha most umusual
aceidents in rocket history, During static
testing on tha morning of & June 1952, it
broke loosa from the test stand, flow ¢

miles (6.4 lm) up, and crashed on tho desert worth in the years to come--for Reaction '

5 miles (8 Im) away. Sclentists and em-
gineers on tha scene could hardly bslicve
their eyes as the rocket rose inte tha aig,
On future models, four tie-down poimts za-
ther than two would be used and the rxockat
tall section strengthened. :

The remaining 2ix Vikings were fized
batwean 15 Dacamber 1952 and 1 May 1937,
Viking 1l distinguished itself ia May 1934
by soaring to a new record haight of 158
miles (254 km) with 852 pounds (386.5 kg)
of instruments aboard. Itz RMI rockat an-
gine fired for 103 sacondg and brought tha
vahicle up to a spesed of 4300 milas ° ;
(6923 ka) per hour, also a record for tha
series.

Viking 12 was, in many ways, tho last

~term e e
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true member of the family. It reached a
height of 144 miles (232 km) on 4 Feb- |
ruary 1955. The last two Vikings were !
fired, not for high-altitude research, b
to check out components for the forthe
ing vanguard space carrier vehicle. The
were flown from Cape Canaveral, Florida
rather than White Sands.

Table 8 summarizen all 14 Viking flights

The story of the Viking is well told
in 2 number of sources, including a book
and memoir paper by Milton Rosen who direce-
ed the rocket's development, and works by
Bomer E. Newell Jr. head of the Naval Re- .
search Laboratory's Rocket Sonde Research .
Section (later Branch). Looking back upon
Viking from the perspactive of several de-
cades, Newell had this to say about the pro-
grams ;
-s.the Viking, although of a marvelous
design...found very little use. The
dozen rockets bought for the develop- |
ment program were, of course, instry- .
mented for high-altitude research. :
But Viking was too expensive. The :
groupe engaged in rocket sounding each
had perhaps & few hundred thousaad :
dollars a year to expend on the Fe-
search, and a single Viking would have
eatan up tha whole budget...It had been
hoped the Viking would be much less
expensive, but before the end of the
developmnent these rockets became almost
a8 expenzive &8s new V-2s8. So Viking
found no takers among the atmospheric
sounding groups and would probably hav
been shelved had it not been chosen
ag the starting point for the Vangu
x6Y [International Geophysical Year
satellite launching vehicle., 78

d

His sssessment may not be entirely fair.
True, Viking was an expensive vehicle. But
it performed during its lifetime valuable .
‘'zesearch on the nature of upper atmospheric
phenomena. Even more important, however
much it may have owed to imported V-2 tach~
nology, Viking was an American project that
provided vital experience to a growing cadre
of native rocket scientists and technolev- .
ogists. Thiz experience would prove its

Motors, for the Glenn L. Martin Co. and ,
foz ies Navy sponsorx. ‘
V. MISCELANEOUS PROJECTS :

Throughout its 1ife, RMI had proven its
ianovativeness. Apart from principal pro-
joctz like JATO® and the famed 6000C-4, the
firm also undertocok several amaller but no.
1sss imaginative projectas. {

The RMI log book already mentioned re-

ports a moment of lnertis test on 1 May 1944
vith a 60 pound (27 kg). Autogiro blade. Ac-
cording to Lou Arata, this was one of Prank-
-1ipn Pilerce’s projects. Shesta says the blade

)
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came from Pitcairo Aviation Inc. The proj-
ect was an attempt to t2st the feasibility of
@ liquid-propelled rocket-powered beUeup-
ter. For the purpose, saye Arata, an
A-frame was secured to & concrete slnb, _
The rotating mechaniam was afflzxed {n

the middle with a 2 {och (5 cm) diameter
tube protruding from it. Thiz tube simul-
ated the blade for the actual combustion
tests. Two 50 1b (22 kg) thrust Uquid
oxygen aad gasoline rockets were strapped
to each end of the tube, with fuel and
oxidizer feed lines runaning down the tube
towards the center where they were
eveatually connected to their respective
tanks. The "blade' did work, after a
fashion. It whirled as it should but Arean
and Shesta say there was a great deal

of leakage of Hquid oxygen from the :
rotating rockets. Shesta adda that the '
"lox" evaporated and the feed was
intermittent. The project was scon
afterwards abandoned though #t may

have been the first sttempt ever &t
Uquid-propelled rocket-powered hell-
copters. The experiment also amticip-

ated RMI's Rocket-Oun-Rotor (ROR)

project of 1854, ¥9

"Ia Yuly, 1844, Shesta says, ""owx

en;ineers were summoned to the

[Navy's]) Bureau of Aeroaautics in
Washington for consultatioa in

coanection with the German V-1...

At the same time, certain sketchy

details of the construction of the

powerplant were relayed to us and

we were requested to construct and
test a duplicate thereof. Work oa this
project wes started in the middie of

July and was completed on or about the fArct
week {n August, 1844. These tests continued
to about the middle of September, 1944, ot
which time we took the motor to the
Philadelphia Naval Aircraft Factory s
Philadelphia, for further testing.'' The RMI
iog book reports one static test = the New
Jersey plant on 15 September 1844, Accord-
ing to the log, the V-1 engine, which wun
recovered after it crashed {n Loadoa,
"Made S test starts without German rog. [ul-
ator}...Ran as long as air was injected.
Put in reg. made 8 test starta. #3 kapt uakt
firing without air injection. After about 30
sec, [oods] the impulsiag smoothed et ned
increased in {rtensity. " The V-1 eagiee of
course was an air-breathing pulsejet, oor

a rocket but it certainly fit the name and
purpose of the company, & resctisn metor.
The 1946 GALCIT survey Jet Propulsion
says RMI in fact "successfully medificd

the V-1's aeroresonator to extead the

valve life to approximately four times

that [of] the German valve. " It was alse
noted that RMI "bas practically eompleted
development of an air-fuel intake system

_which will greatly reduce the drag of the

pEropulsion device and increase the effic-

feacy." Arate himself meade & V-1 type

eagine "from the ground up. " Some of :

the {nit{a] tests of the RMI model were

{nterestingly dooe with gmaller or

scaled-down versions . and also oo a

kind of wind tuanel made with an old

Mrcrm eangine for the purpose of

ramming {n air. Simulsated air wag

also used and fed from tanks,

eonsisting of 21% oxrygea and 79%

aitrogen. The Neavy, concludes

Shesta, were exploring the

poseibility of their own pulsejet

misgile. In fact, the pulsejet

Loon did emerge but the motor

was made by the Ford Motor Co.5°

G. Edward Pendray, in his

1845 book The Coming Age of Rocket

Power, mentions s rocket-driven

boat tested by Plerce and other RMI

officials during February and March

of 1844 though there {s nd notation in the log

book, which however, {g incomplete. The

potential of this device, sccording to Shesta,

was to make a super-fast landing boat for use

in the projected invasion of the Japanese I

iolands. Pendray aleo memtions rocket boata

for carrying mail ship-to-shore, rescue

work and "for sport events.'' He aleo says

standard RMI 250 1b (113 kg) thrust liquid

oxygen and gasoline motors were used.

Arata belived one of the Lark engines wao

wsed, poesibly a 220 Ib (100 kg) thrust uait

though this employed nitric acid and anilice.

Ap Shesta also recalls that tbe boat's motor

"burped & very long time, about 5 minutes, "

2 eould well have been the Lark =s it ran

for 260 seconds (4.3 minutes), at least for

the Lark's sustainer motor. Io any case. .

Pierce made several experimental runs on

the Severn River, near Annapolis, and :

reached speseds up to ¢0 mph (64 km/hr)

with "oo problem' but found steering = -

extremely dﬂ!icnlt especially with {n-

ereased mﬁa

On a purely spare-time basis and

“for fun only, "' RMI Chief Test Supervisor

Erpest Jobn "Buck” Pellington, & former

World War II B-24 erew chief with 38

migsions over Germany, supervised the

deaign and construction of a stainlese

stoel tubing recket-propelled ice sled.

Fitted with a 400 1b (180 kg) thrust Mquid

ezygen and alcobol engine, the 1, 848 1b

{747 kg), 18 foot (4.8 m) lioag sled o

miteined a top speed of 80 mph (152 km/ J
o
=)
)

be) is #0 {nitial teet run on frozen Lake
Hopatcong near the RMI plant at Dover,
New Jersey. Pellington eacountered
sough ice and steering difficulties and

hed to shut off the moter after 18
socoeds. Ciherwise, grester speeds S
for the streamlined, airerafi-like g



sled would have been possible. The
Austrian Max Valier and the Amer-
fcan Harry Bull made and rode
rocket sleds in 1929 and 193], resp-
ectively, but this was the first lquid
propelled type. 52
RMI became involved with another
rocket-powered helicopter {n 1851,
The firm made the 16F1 hydrogen .
peroxide engines (16 1b or 7 kg thrust)

for the tiny 100 1b (45 kg) two-blssed
strap-on helicopter {novented by Glibert
Magill. Magill manufactured the machine
oa an experimental basis under an Office
of Naval Research coatract through his
Rotor-Craft Corp. of Gleadale, Calif. The
rockets were attached to each blade. The
helicopter, known as the Rotorcraft RH-1
Project Piowheel, was strapped to a man's
back and waist with the man resting on a
bicycle-style seat.. The military tmplicat-
fons of Magill's iovention were many and
facluded goldiers leap-frogging over eatire
armies, climbing inaccezsable terrains and
20 on. In effect, this wao one of the first
so-called "jet packs, " though Magill's
project seemso to have been short-lved. 3
A more bonafide helicopter wag RMI's
own ROR (Rocket-Oa-Rotor) produced in
1954, though preliminary work was begun
is 1951. It consisted of small XLRIZR M2
40 Ib (18 kg) thrust hydrogen peroxide
motors mounted on the three blade tips of
an actual helicopter, the Sikorgky HRS-3
(S-55 type) of the U.S. Mariae Corps. The
gyetem weighed 87 1bs (30 kg) dry yet
could {ncrease a helicopter's lifting poten-
tial by 20% which was & great boon in war-
time situstions. A dome-shaped tank above
the rotor hub carried enough fuel for six
minutes or 20-25 take-offs. Tests covered
1,000 starts and stopc oo helicopters of the
Marine Experimental Squadroa HMX-} in
Quaatico, Virginia, with a 08. 5% reliab-
{lity record. Faster take-offs, higher
altitudes, and improved rates of elimd and
hovering ceiling were zlge advamagen of
ROR, yet the system did oot bsecome opar-
mtional. $¢ T
Apart from these miscellancous pre-
jects. RMI was involved {n many other,
often very fruitful lines of research cend-
ucted during the period under coansidep-
ation. Space permits oaly o amall Umiag
of some of them: with the establishmest

of RMI's Chemistry Laboratory {n 1846
< wnder Austrian-boro chemicnl engioses

Dr. Paul F. Wiaternitz, extensive

research and experiments were conduct- "

ed upon @ variety of exotic propellacts both
solid sod liquid, including diborage apd other
toranes, ethylesoxide 28 & monopropellam,
and lquid oxygen and ammonia;nlge, frem
1846, the develanmert of gan geesrmors for
airplape catapults usiag the rockat prisciple,

1.

z.

6.

70

&0

10.

——————— . ——

ander a Nevy comtract (also called Iateraal
Combustion Catapult Powerplant or ICCP);
Focket ramijet studies (from 1846); the
X50-API Auxiliary Power Pack designed
ander an A{r Force contract to produce -
suxili{sry turbine power operating indepen-
dently of the atmosphere (1950); golid
propellamt gas generstor for tank pressur-
ization (1951); avaluation of ceramics for
thrust chambers, gas gecerstors snd ig-
niters (1051); rockets for dr{lling ia the
ground (sbout 1851); boundry layer comtrol
als pumping systems for the Chase and
Cessan Atrcrat Companies (1852); turbo-
rocket (1853 and earlier); Vernier rockets
(1855); the development of a 500, 000 1b
(228, 800 kg) thrust rocket system for an

Afr Force supersonic sled {1956); and

meny more,SS

EOTES ARD REFERENCES

From an unpublished five -page document by
James H. Wyld, "A Biographical Sketch of
the Rocket Career of James Wyld. " In the
RMI fileg, Thiokol Corp., Newtown, Mbss.,
written c. 1951. The contract referred fo was
for $39,000 and was awarded by BuAer.

Wyld, “Bilographical Skstch,"” op. cie.

From the Miouwtes of the First Meeting of
Incorporatore and the Minutes of the First

Meeting of the Board of Directors, RMI
flles.

John Shesta, "Resction Motors, Incorporated
==-First Large Scale American Rocket Co-
mpany: A Memoir, " paper presented at the

28th IAF Coogress, Dubrovnik, Yugoslavia,
Qctober 1878,

Ibid., Shesta reports the four men had but

" two small lathes, & drill press, an assort-
mext of small tools and an oxy-acetelyne
welding owfit.

At one time or saother, sll RMI foundero
had been or would be ARS presidents: Shesta,
1836; Plerce, 1940-41; Wyld, 1844-45; and
Lawreace, 1846.

Shesta quote from Booton Herndon, "Rocket
Geatus with Big Ideas, " Coronet, April
1888, p. 28. T

James H. Wyld, "The Liquid Propellant

Rocket Engine, " Mechanical Engineering .
dune 1847, p, 5,

“Hobby Discussion Led to RMI Birth, " The
R2Q Rocket, December 1951, p. 2.

RMI Rocket, op. ctt., p. 8.
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U. Quotes from Johs O. Davies. Jr.. '"Ro-
cket Business Soars," Newark (N.J.)
Evening News , 18 September 1846; and

, Tesidents Cite Damage Done by Tests
of Jet Propulsion, "' Newark Evening
News , 2 Oct‘o.ber 1845, respectively.

"Pequannock Bans Jet Motors Testing, "
Newark Evening News ., 10 October 1845.

12.

13. Established in 1851 by Act of Congress,
the Depot becupied a tract of land comp-
rising 315 acres that had formerly been
part of the United States Powder Depot
(later to be known as Picatinny Arsenal).
An additional 78 acres were purchased in
1802; and. {n 1917 by Presidential Proc-
lamation, 67 more were acquired. In 1848,
the Naval Aeronautical Rocket Laboratory
would be established oa the site with the
mission to develop and evaluate liquid pro-
pellant rocket eagines and their compoa-
ents. Onl April 1950, the Nawl Ammun-~
ftion Supply Depot's name would officially
be changed to the Naval Air Rocket Test
Station. Simultaneously, cognizance would
be transferred from the Bureau of Ordnance
to the Bureau of Aeronautics.

14. First Annual Report of Reaction Motors,

Ine. for period ending 31 December 1548

(it covered the years 1947-1948)..

15. This and related information was obtained by

Ordvay working with the RMI f{les located at
the Thiokol Corp. hesdquarters {n Newtown,
Pa., during the course of discussions there
vith T. W. Brennan; William R. Wright, Jr.,
J. T. "Gus" Caton, and T. G. Tumslty on 15
Pebruary 1982; during interviev with M.2.
"Bud" Parker at Thiokol office 1in Huatsville,
Alabama on 26 March 1982; and during tnter-
vievs with John Shesta in Stowe and Laurence
P. Hesth {n Morrisville, Verwont, 3-6 July
1982. statistics are taken from EMI annual
_reports beginning with first that covered
period anded 31 December 1948 and ending
vith the one covering the year 1957. (Ia
1958, Resction Motors was sbsorbed by tha
Thiokol Chemical Corp.)

18. Personal communication to Ordway dated 3

Apr{l and 23 May 1882,

Laurence was the "gadgeteer' of the Rock-

. efeller fam{ly and for years had been invest-
igating in technology-oriented vetures. In
the middle 1930s he had backed World War [
sce Eddie Rickenbacker's fledgling -

'Eastern Air Lines; and, {n later years,
moved {nto airplane design, electronics,
apd, with Reaction Motors, rocket engines.
Cited by Joe Alex Morris {n "The Rockefeller
: " The Saturday Eve Post, 13
January 1851, p. 18,

17.

18.

19.

- 30.

2l.

22.

24.

27.

Newhall, loc. cit,

Newhall would remain as executive vice
president to 1953 and general manager to
1951. In 1953, Rockefeller gsent him to
Flight Refueling, Inc.of Danbury,Conn.,
to study it as a possible RMI-Rockefeller

joint {ovestment. InJanuary, they purch-
ased a cootrolling interest {n the firm from
fts British owner, Flight Refueling, Ltd. of
Dorset. Aand in April, Newhall was made
president and treasurer of Flight Refueling,
Inc.. which was relocated to new facilities
in Baltimore, Md.

Section C-2(e), "History and Accomplish-
memnts, "' Report ANC-1062, 1948. RMI
archives, Thiokol Corp., Newtown, Pa.
(unpaginated).

Message to stockholders, Thiokol Chem-
ical Corp., 17 March 19858 and Notice of
Annual Meeting of Stockholders, 17 April
1958.

The story of the Reaction Motors Divisioa
of Thiokol will be covered by the authors
in a separate paper.

T.J. Bennett, Letter, Flight, Vol. II, 26

' March 1810, p. 244.

H.H. Bales, U.S. Patent 1, 003, 411 of 19
September 1811; A. Lepinte, British Patent
229,870 of 19 February 1924; V.1. Dudakov
and V.A. Konstantinov, Russian Patenat No.
43068 of 8 October 1928, class 628, 18/02
MPK V 84d.
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Space Travel National Aeronautics and
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- Natiopal Air and Space Museum, Washing-
ton, D.C.
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naming in Lloyd Mallan's Men, Rockets
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Interview, Burdett, Jr., op. cit.: Inter-
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um, unpaginsted, hereafter cited as
RMI Ligt.
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0.S. Military Services, formerly a
Confidential bandbook, looseleaf, ¢.
‘1852, section oo LR8-RM-6, hereafter
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Interview, Burdett, Jr., op. cit.:
gome of thege measurements were
made by Winter directly from the
6000C -4 engine on exhibit {n the Nat-
fonsl Air and Space Museum.

Hallion, op. cit.. pp. 203-205, 172-173;
RMI Looseleaf Handbook, passim.

"Rocket-Powered Fighter Breaks

the Sound Barrier, " New York Times,
10 December 1952; Albert M. Skea,
"New Fighter Plane Fast,' Newark
Evening Newe , 10 December 1852;
"Republic XF-81" file, National Alr
and Spece Mugeum; Interview, Bu:rdett
Jr., op. cit.

Eugene M. Emme, ed., Aeronautics
and Astronautics 1915-60 (U.S. Gov-
ernmem Primting Office: Washington,
D.C., 1881), p. 79; Wernher von.
Braun and Frederick 1. Ordway, I,
History of Rocketry & Space Travel
(Thomas ¥. Crowell é?p :N.Y., 1866),
P. 3204; "Progress with the X-15,"
Flight . Vol. 77, 27 May 1960, p. 733.

The Lark program got under way at the
Buresu of Aeronautico in Jaouary 1948
and ia December the first tegt article
was delivered by Fairchild. During
1846, work was expanded to {nclude

the development of & guidance sysiem
for the vehicle. The pulse festuwre on
the Lark was optional; most misciies
were delivered with 8, some without.
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See for ezample, David Baker. The
Rocket (Crown: N.Y., 1878), and

Frodarick I, Ordway, IIl and Ronsld
€. Wakeford, Internstional Missile
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48.

48.

50.

sl.

52.

$3.

84.

§8.

2nd Spacecrar Guide (McGraw-Hil:
K.Y, 1880). _ _

Milton W. Rooen, The Viking Rocket
Story (Horper and Brothero: N. Y.,
1953) and Milton W. Rooen, ''The
Viking Rocket: A Memotr, " paper
precemted at the §th IAF Himory
Sympoo{um, Vienna, October 1872;
Homer E. Newell, Jr., High Alt-
ttude Rocket Reoeareh (Academic
Pregog: N.Y., 1854) and Homer E.
Newell, Sounding Rockety (McGraw-
Hil: N, Y., 1858); quote &rom Homer
E. Newell, Beyond the Atmoophere
(Notional Aeronoutico oad Space Ad-
ministration: Wonhington, D.C.,
1280), p. S8.

RMI Logbook, op. cit.;: Iterview,
Lou Arata, op. cit.; Interview,

Shegta, op. cit.

John Shesta, umitled documenmt in
Reaction Motoro, Inec. archives ot
Thiokol Corp., Newtown, Pao.; RMI
Logbook, op. cft.; GALCIT owrvey,
p. 144; Imerview, Arata, op. cit.

G. Edward Peadray, The Coming
Age of Rocket Power (Harper &
Brothern: N. Y., 1845), pp. 1T1-172;
Interview, Arato, op. cft.: Imerview,

Shedta, op. cif.

"Rocket Propelled Boat Temed At
Loke Hopateoag, "' Morrigiown Dolly
Record (N.J.), 3 March 1847; " Mid-
vale Vet Hopeo to Get Jat-Icebort

Up to 200 MPH, ' Midvale, N.J.
paper, (uak.) Moveh 1847,

RMI Loogelenf Handbsok ., coction ea
16F1 Rotor Rockat; "‘mny Reehat
Helicopter Temed Here, " Loo Aageles,
Cal. News, 23 Csctober 1951,

RMI Loosglea! Handbook, op. cit..
oaction oa XOGF3 Rotor Rocket;

"Mariaco Vioit RMY Employccg,

Show OX RCGR, " The RMI Roeket ,

Vol. 7, Mnreh 1056, pp. 1, 8; "Tiay

New Roekat Eaglaco Boost Poyload Fer
Copterso, ' Avintion Week, 27 Sopembar
1984, p. 17; "Recket Aopicinnee For Boli-
eoptero, ' Fligiv, Vel. 66, 24 Septembor
1954, p. 560.

RMI Limt , op. ¢&t.: Joha D. Cloek,
Ignition] Rwgero Unlveroity Prooo: New
Bruagwiek, N.J., 1872), poascim; Mom-
orandum Fem Poul F. Wikteraits to R. M,

Young, 18 Doeember 1950 and etbher mrmo0

fom the Lovell Lavrence papers. Natioonl '
__ Alr ond Space Museum,

blo | Ashfow—aen of focaticn EHeord Cueing Pirot 8oon Yoard

Plrot Aoriens covporoticn ddfeates oololy to o dawalcp-
ot of Mguid roshot CgLeco —3 02400007y cquALTInE.

Viroe dowolormoat of rugomorctivoly esoled 1tquid roehot
gipn gocorottng 1680 coucdo of thewot wotng liquid ouy-
o &2 olez?wl proallaoes.

Pieot vogomaratively ooolcd 1iquid eochat ongtoo gemarating
3830 pcwcdo of Ghreot aotog 1iquid owygoeo aed goooling pro-
Pollaotn; pooorcd firat ovscoooful 1iquid rochnt ATO wmge

1o PTASC flying boog.

Pirot soshot cagico to propol o piloted afreroft fastar than
tho opocd of coucd; ALR Poreo Ls-1., HaOy cuperoeate fligheo
oaa==Jttahcd; iopvoocotwo f1old foeord cotabllshoed by tho four-
ehr——ar ¢400-psurd ehrvog cogirn.

Picot proctiest 0.8, <Aolcped torbinoe @RoD oyotc or woa
oith voehot aagicso. Baste dasigp wiod Uith four ongino
=dolo, ranging frco 15€0 pomdo of thvwst (ia four-che—bar
€080 -pxurd thrwst ongira) to 20,080 couedo of thruse: drives
by doe=—ooing bhirogoen porcxida Lo pvooenes of eaealyoe.

Pirot ooceoooful D.8. -dovalepsd turdino mep-~driven ¢oogs
plant for guided chootla oppliestion; Alr Forco HX-774. —
Ooiqeo ehrmoe eboo™or (wiveling footuro ta oteor oiooilo ™
O tto ccaroo cusacsofully de—scoeraecd.

74got ousecooful U:-B.-dmtm tudice pap-driven rochot
ongice for pllotcd afgerufe; Hovy DSS0-2 thon wdarpgoing
todetal CRAEHE ennes TIED G4G0-gd thevot cagics.

7ot dowolcy—mme of 20,880-¢curd @ruot, turbissr-<driven
14guid cygoneolechol voahnt cagics fov Oavy'o Vikiag highe
oclgdentsy ccuitng soohog,

To davolcymont of .330-pord taraot oeid-an(lina roekot onge
inng, tachago 4 coarsolo; Davy Eorpos tiosilo progyio.

Bolcr—oot of 080-god theuoe, too-eylizdor, ocid-gatling
cgioao dor Javy Lagl; ocworol bucdrod dolivorcd amd flighe
oecd.

Ccoraicn of fool, omdicar, 4 proorurioing oorvien
cagen for WAsk cogioo,

7izot vorioblo Sasoe, coowent ehaoap proocuro toshot '
cging; cloden ehrie Aaoae of 30 goreont of roecd 2,080

="M

Brolcmone of caecmatie o] oo—aal gyoecs for vasying diveat
by thgoeeiing of propolices. .

Viroe 18Guid oahat cogien cpplfasticn @0 voeary wing ovofe;
$9-cor1 thRas, LiQuad caypoo-aleokol fisest ehcborn nocd.

.

Xr:a::mcpmc: 4 eIt O oo Jot-LFP0 Cgirnaa.

Lo00coeted of rmohot oy © btoaen.

Oneapch, Calegomat o eooedng of bigheoeorgy propollanes,
©.0. ditoroes ot bydmates oo ©oil & c—=ota, terpantics,
) furdoryl olcstol. .

Brolce=at of toes for osormndng teporueure of wxhing joes
Uy coloaloetcn ¢ cloorvarics. .

3caeipoeicss © oo of tiquid caypon, chito fuing nitrde oetd,

VI =3 gosolica o prolicoto do oyuecm of 0080 azd 16,800
=B of ehroe, &3lcding ot gpldcdero, propoliant =0,
029 Lot 3 esoetolo.

el of 0 coploto 4 of cnonoeoricn fov Toohot ongioso.

EAolcm=nt of opoatal ecofe o cutpmoat ¢or corvteuceing ocd
coaliing cootne CGARY coogooTutn ) 03000008100,

Eoole, coomerceeics o4 cporotar of B4quad gochot eoot orcao,
ia3icdtag 2ooe cquipmaot ard opocinlincd fnotAroots.  TRRWC
C300iey o 23,689 pcio (010 Ot LD 6COGOARSd OQino CpIRURANg
ecot oec~do e coothar foor lar MeucAca).
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Broeativoo exd offfcoro

Blreatoro

Booeutives =8 offficoto

Table 2 Changing Directoré a
1952,

1949,

1849

lowvsll lowresen, Jr., prostidose, BN
Rap4sloh B. Moroton, ansooclats of Lenreren
8. Bochafollor, Bow Tork City.

Carlao ¥. Hovhall, Jr., amcutive vicw
preni{dent oed gonsrol masager, BN

Btuart K. Seott, Rewt, Daliantims, Barlan,
Bushby & Polmsr, Bevw Yort City (csumsol)
Joha fheata, dircctar of Tooocarch amd
ongirecaring, E4I

forpor Wesdverd, csoociato of lempeman 8.
Rochafollor, Mow Yorh City .
Ja=no 3. ¥yld, chtof rascorch cagilecor, BQ

fLowall lovreeco, Jr., proeident

Gharles . Bewhall, Jr., axocutivod vica
progident acd gecerul managor

flonry 8. Hichaalo, Jr., vico prosident ot
finssce ood admisistratism

Joha $heota, diroctor of tuscoreh aod cmge
tacering *

Garry 8. Gorve, Jr., aseistsnt o omcutivo
vica procidant sod ganerel massgor ord
angiotant psocrotary
Alazsedar L. Royoo, occrotary ard gooasnl
counool
Jeban A. Pothieh, troaswso?r
Jooapt. Y. Rollek, Jr., matogor of masufosturing
Laurgnen P. Bosth, wasagor of eootrost odain-
tatraticn and sarvieca
Jemao B. Wyld, ehief roccarch ocoglonol
Bovard Moloo, chiof emgiooot
pr. Poul Wistoraits, dirvetor of loborororias

1992 .

Joho A. lavlor, prosidong, Acfooas Hoeomae

foceuring Coto.
pavid L. Lube, JT., prooctdene, Tost Virginia
Pulp asd Poper Co.

Ravdelph B. Rarptoo (oooa oo 1969)

Qarleo Y. Ravhall, Jr., caaeutive vieo
prasident, WL

gewart 8. Seott (om= @0 1949

Jehn fhosta, vieca preoidest, gooesrad, BXI
Sospor Hoedverd (oome 85 1949) °
Jazmo R. Byld (eame 00 1949)

loyeeed @. Towag, preoidant a=d goeacol
=380

Garleo ¥, Hovholl, Jr., osocotivo vlod
precidont ’

Benry 8. Richoelo, J¢., vico prooilons
¢od troaowrol

Jobo Sraota, vieo prooidoog, gooaorad
Bazgy 0. Vevvo, JC., Gamapal of sogioe~
gazdog .
Alazardee L. Rayoo (eesa eo 1949)
viilfan P. Musger, enfof eagince?

Pr. Poul Sistornits, dircctor of geoaored

4

Diroetovo

Brogutives &4 offlicore

Broeutiveo cxd offfcesn

nd Officors at RMI
1955,

195¢

1933

Ryron B. Gorden, sviatien cswoultsnt, Kew Yort City

Busocell Bepkinsen, vice prosiédest fer dovolep-
eort, Olic Hoentasos Chomical Corp. .
Bons 4. Elegobruea, Klagobrun, Banse amd 1g-
w18, bashington, D.C.

Randolph B. Harseon (come ao 1940, 1932)

Sonry 8. Richoels, Jz, anocstive vies prustident, W1

Yeltar P. 0'Conmall, vies precidant for flasmse

boun Rathicson Ohamieal Corp. ' '
2. Prod O.sor, vite precidast for rasaea :
Rothteses Cheoical Carp. Fehe Olte

Basry A. Sooweokl, direct of oparoticens, Aviatisn
Piviston. Olin Rathicess Chemical Corp.

Barpar Ueadvard (semn os 1949, 1032)

Goyeomed ©. Yewmg, progidaat, DA

Bayusad ¥. Yezmg, preeidest

Soury 8, Wickaals, Jr., axecutive vice preaidemt

Robert §. Eissey, vies preusident of cperatioas

Alazander L. Eeyes, petrotary and coumsgl

Jamewe ¥. 7oy, Jr., troaswrer

Btlliam P. Hubger, mmaager of engiocoriag end
roscarek

David C. Zatrh. works maasger

Barrea P. Turner, mansger of custsuar velotisas
ozfl coetrects

David €. Keller, ssmages of {ofuctrial asd public
celatisnn

Bsbert H. Lovveasza, aspistemt tXvascsor

1938

¥iilie C. Voster, chalrmes; cestor vieo proeidant aad

ddgoeter, Olin Hothiascon Chemical Corp.
Ryves B. Corden (seme oo 1933)

%, Roruit Horsdon, divisianal vica grasidast for Trescerch
ool predueties of the High Rnergy Fuels Division, Olta

Hothiaoon Cheulcal Conp.
Bemp A. Klagobrume (same as 1933)
Basdolph B. Norotoe (came as 1969, 1932, 1933)

Goury B. Wishoela, Jv., scales vico president oud trosse

Barry A. Sosaechi, divielomal vize precideat for cuatemerw
valoticas of the Bigh Bserxy Fuels Division, Olis Haothe

feoccm G.enfcal Corp.
Berper Yoolword (oame as 1969, 1933, 1933)
Reyurrd ¥, Toung (eoes co 1933)

Royorad Y. Yevag, presidant

fleery 8. Michoolo, Je., ceator vies preaident aod tresourer
Jooeph B. Antonides, vice pracidont and csosutive essiote

ang 0o che presidest
Bovid €. Lates, vies prosidant fer markoting

¥red B. Pfotenhavar, vice pracideat fov praduztica

Alasocder T. Royeo, cocvetery asd counsel

Robere H. Lovrooes, aoaletant trescurer asd diroctor of

the fteance diviscion
Polocy P. Peerts, ehiof onglecer

Ldmund P. Porte, directer of productios divioice
Eouard G. Seywour, di{rector of rooearch division

4. Bobart Toylor, diroetor of admisistration divisies

AMY
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Table ) LR2-RM-12 and XIR6-R4-4 Ceneral Design and Operating Characteristics

General

. Fumber of thrust chambers

Thrust chamber cooling
Electrical requiremants, volts D.C.
Type of ignition
Propellants
1. Fuel: monoethylaniline
aniline
" di{etylaniline
2. Oxidizer: nitric actid
sulphuric acid
vater
nitrosylsulphuric acid
water and nitrosylsuphuric acid combined
Pressurizing gas
Operating attitude
Operating altitude
Design acceleration loade

Operating temperaturs range, %p

Data Applicable Only to the LR2-RM-12

Saa level thrust ratings, pounds
1. Individual chambers
2. Complete engine
Feed system
Oxt{d{zer manifold pressure, psig
Fuel manifold pressure, psig
Propellant control valve pressure, psig
Specific impulse at rated thrust, seconds
Specific propellant consumption, 1lb/sec/1d

Data Applicable Only to the XIR6-RM-4

Ssa lavel thrust ratings, pounds
1. Individusl chambers
2. Complete angine
Feed gystem
Propellant pressure at inlet to engine 1ines, psis
Pump dischargs pressure, psia
1. Mixed acid
2. Monosthylaniline
Specific impulse at rated thrust, seconds
Specific propellant consumption, 1b/sec/1d

4
regansrative (oxidizer)
26

hypergolic
62-66 [
228 SS%
8-12 E58
s1-8s & A
14-17 o
4 <3

1 max.

4.5 wax,

pitrogen or equivalent
horizontal or vercical
. unrestricted ({n air)
18 g fore and aft;
10 g laterally
20 to 120

220-240; 390-410
610-650

pressurized <

460 t S
470t s
400-500
198

0.00513

208-223; 374-401

582-624

turbopump (blast turbine)
&S t 2

490
420
188
0.00532

Table 4 XLR3IS-RM-1 Genersl Design and Operating Characteristics

Number of thrust chasbers
Sea level thrust ratings, pounds
1. Individual chamber
2. Complets engine
Specific {mpulse st raced thrust, geconds
Specific propellant consumption, 1lb/see/1d
Thrust chamber cooling
Elesctrical rsgquirsments, volts D.C.
Type of igntition
Feed systes
Thrust to engine weight ratio
Propellants
1. Tuel
2, Oxidizer
3. Pressuring gas
4. Pump drive
Flight load

Engina control pressurs, psis
Fuel feed pressure, pais
Oxtidizer feed prassurs, psis

4

2,050 * so

8,200 * 200

208

0.00481
regenerative (fuel)
2%

power aquid
turbopump

29

ethyl aleohol

1{quid oxygen

nitrogen or equivalent

902 hydrogen paroxide

20 g axial acceleration and/
or 5 g lateral accaleration

465 ¢+ 10 :

425 ¢ s

425t s

200 AMY
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Table 3 FPlight Swumary of the KLR35-K4-1-povered MX-776 Test VYehicla

Plight Datae Altitude, Ramarkg
oumbaer _ .miles .
1 13 July ‘48 1.2 Premacure cutoff at 12.8 gseconds; gtab-

{lization saticfactory up to that tima.
Vehicle impacted oftar 48.35-scccond £1light.

2 27 Sept.'s8 29 Engine failed after 48 ccconds at an alt-
itude of 10 miles; wazism velocity: -
1,700 miles per hour,

3. 2 Doe. '48 30 Premature burnout occurraed at 51.7 seconda.
Flight duration 294 aceconda., Parachute
deployment delayed, vas tora loose from
vehicla.

Table 6 XLR10-RM-2 Gemerol Decign and Operating Chamcterinuca

Number of thrust chamberg 1
Sea level thrust rating, pounds 20,750
Specific {wpulee at rated thrust, seconds 195
Spocific propellant comsumption, 1lb/saeec/1b 0.00513 Pl
* Thruat chawber cooling : regenerative (by fuel) °
Electriecal requirements, velto D.C. 25
Type of {gaition pyrotachnic powdar
Feoad system euzbopusp
Thrust to eagine weight racio 50.6
Propellantsg
1. Fuol ‘ '95% othyl alcohol, 5% vater
2. Ozidizgor l4iguid oxygen
3. Presourizing gao pigrogen or equivalent .
&, Pump drive 90% hydrogan paereoxide
Hax{wus engine dry weight, poundo : 222
Turdine shaft spoed, rpa 10,000
Fuel inlet pressure, pota 35
Ozfdizer {slet pressure, pais ' 4%
Oporating altitude uarestricted
Oparating ateitude uarsotrictad

Table 7 Filight Summnry of the Vikiag Soueding Rocket

Weight (pounds)

i Leagth Dt e Alttede Velocwwy Thrust Finirg time
Vg:«e Date (m:' (inches) Leaded Propellomt Povlood (miles) (smh)  (powunds) (seconds)
May 1649 4385 33 PGS0 GE3F 488 80 2330 20.630 345
; gss;;uvme 483 a2 0885 7263 412 12 1830 20.48S ;g.g
3 9Fchbruary 1880 47.4 32 11030 B30 538 sh 2340  20.850 58
4 11 May 1830 Py 32 11460 6380 690 103 3580 m::g i
§ - 21 Nevombar 1980 48.8 33 11580 8430 653 108 3810 18 2
6 11 Docomber 1050 408 33 jegen 858 373 @ 23 Eom o
9  TAupes)831 408 2 10728 8887 3984 138 1R :"ﬁ o
8 6jumalfSE 418 43 12810 9IW o 4 - ,;:.1_0 o
® IS Dorember 1888 42 48 14813 11748 T 1383 3880 2 Jo o
10 7 Moy 3934 " 48 14330 11EIS 8 138 aend su.m 100 -
11 24 Mav 1884 42 45 13005 11u33 435 1S3 4300 "'.sm 103 5
12 & Fobrusrv 1638 43 &3 14815 11EnS  ©87  1ed 033 20 a2
13 8 Dumewmber 1058 488 43 15038 12010 “ 1280 4397 Eoig 059
314§ May 2657 413 45 13020 11976 e . 12¢ 3780 2L :

00

wwed dvRee Yochs Lubean * Hanae, 4 akm.
umv- d-ddm m:vm omon trm @ Caswerd Vanguend carvere sediade edwarats.

® Rongr, 1083 eébro. .
Sourca: Vom Brava-Ovduay Rigeery of Rockatey cod Spece Travel, 1966, 1969, 1975.
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TRiO AGRERCFY OF LEASE, Made 17 the TOWHSALD of Demviile
14

County of Worris, and 3tats of How Jersey; am cfa"lmmplzgsg
by THORAS E.. HRATHOOTE and BIANCHR I. HRATHCOTE, his wify;.and.
DANLCL KLOCEMER, JB, and HARTNA 8. KLOCXHER, nig wife, hewrein
called tha Landlerd, and THIOROL cHENIOAL CORPORATION, RRACTION:
MOTORS DIVISIGH, & corporatien of the State of Delaware-having

it3 diviciem office at Ford Road, Denville Zownahip, Haw- Sopgevy
herein called the Tenang, o

WVIERRAS, the Tenant (whieh 20rm A5 USEd herets inelwmiss-iem-
predacessor, Regotion joters, Ine,) has been oem the: prem--

1ses hereinafter dsaeribed under Lesse from the landlord dated

|

f

|

i

1 May 1547 80 cmended and renewed frum time to tims, end

UHBEREAS, with the offeotive dats of thig laase, nuuzn
1 Jure 1960, it will superseds all previocus and existing leases,
acreepents and opticne cemeerning the lsaming of 3sid premises
by the Tename,

{ITTNESSETH

1. That thg Landlerd herein 1let@ te the Tenant and the
Tcnant heredy hires from the landlord, cll thoss certain trzets

and paresls of land, situate, lyinn and boing in the Borocugh of
Naciktaway, 'n the County of Merris, and im the State of Mew
Jerssy, end mero predisuisrly deseribed 89 toitowes

SZODMNING at & noint uhere the northerly side 1ing of
Stickle Avenue intersects the casterly side lins of Elm Street

|as ouowm =3 & nep entitled “Map of Property at Roakaway, m 3. =

belenging te B, K, and 0. ¥, Stickle - surveyed, ._md cut end

| dresm 5y lewis Van Duyms City Swrveyor - Boontem, N, J. --1887"

and {{led ln tha Morris County Clerk’'s Office cn April 6, 1892
83 Ilon 172 in Caso A end moming thence (1) slanrg ssid eastorly
pide ilne of Elm Street North 22 degrees 30 mimates Fast 135 feet

~ s
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to a point; thence (2) Socuth 67 dagrees 10 minutes Esas 250 feet
to the westerly side lins of Oak Stress; thense (3) along maid.
westerly side line of Oak Street South 22 degrees 50 aimites.

¥est 125 feet to the intersection of the same witn s2{d northarly
sice line of Stickle Avenus; thences (4) alang said northerly sids-
lire of Stickle Averus Narth 67 legrees 10 minutes Vest 2%0. fent
to the intersecticn of the same with said aasterly sids line of-
Rln Street and the point or placs of REGINNING, |

AR Lotas Nos. 37, 38, 39, LO end 41 as shown and
Gesigneted ¢n oaid Van Duyyns . amp.

BEDIG the same premises conveyed by and daseribed in.
8 certain deed from Edwin J. Matthews, Exscutor and Trustse of

' Georpe W, Stickle and others to Thamas E, iloathcots, datad

Juns 23, 1983 and recorded August 23, 1544 in thes Morris County
Clerk's Offic= in Book H-38 of Deeds Tor said County at rage 333
thereof; an urdivided one-half interest vherecf was conveyed by
the said Thamas B, Heathoots untc Daniel Klackner, Jr., by deed

| dated August 2%, 1947 and recordsd Septambder 10, 1947 in said
Ofrica in BDook Q-43 at page 535 thereof. Togethsr with all b

vulldinns thereon and attachments thereto.

2, The term of this Laase shall coxenca on 1 June 156Q

" and end on 31 May 1555.

3. ™o Tenant shall pay rent at tho ammal rental of

! Mintreglx thcusand zaven hundred and no/13C ($26,700,00) dollars,

navzbla ‘n cqual monthly irstalments each in the sum of Two

. thousand two hundred twenty-rive and no/100 ($2,223,00) dollers,

in advance, cn tae first day of svery month curing said term;
3aid rent saall be paid to Thomas E. Heathceote and Danied

Kocimne, Jr,

L4, Tais lease is mmdas upon the following covenants and

congiderations each of which the respectives parties heroteo acree

-2 -
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to observe and perferm:

(a) The Tenamt shall have the right te.use the isma

" on the damised premises for PWPoses of pariking or storege ar-
such oticr use as tha Tenant gy deaire,

(d) ALl electrical commeoticms, ssrvice and wiring
installed in the buildings en the premises will remain for the

’ mmt'lmmmhnnenynmmmcm
i service., The Tenmnt shall hgve the right t5 install such othaer

\N CleatTicaAl CQUIPIENG AR 18 AentPee vt —t @ tm ——————

Tonant ahall have the righs 68 ITemwvw any nl..stta-i oqnacnnu‘
! installed ty 1t (including elsctrical equipment heretofore
inotalled by tho Tenant),

(¢) The Landlord shall lesvs the present fencing
I on the premises and the Tenant ahall have ths right to uss the
| saxe for the protection of the plant, The Tenant may, at 1%s
! own expense, place sdditional femoing on the damised premises

v

i and shall, at all times, properly maintain the femce. The

‘li Tonant shall have the right to remove from the demised preme
) tacs any addls icnu. Toneing placed thereon by ths Tenant

1 {including fanoms beretofore installed by the Tenant),

5 (d) The Landlord will permit Tanant to construst

‘! 312ds, lecn-tond, and installations on any part of the demised
’ oromigses. Tarant zay, if the lLandlord approves the gemrel

‘ ' plan, conotruct a tomporary addition cn the raim duilding on

i
'

't demlsed prenises. Tenant chall not Se cbligatad to nay
ll any rental at any time for the use of such shads, lean-tos,
' installations or temporary addition. At ths expiration of
l,me lLoase, Tenant ahall have the rizht t0 mMmoove said shads,
“ lcan-tos, lnstallations or tomporary eddition from the da-
“‘n.‘.aed premises (lnoluding those heretofore installed Dy the

_ ‘)t'renant). Tenant shall have the right to grsdes and landacspe

S e T . g mee ac ogne: R
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the demised prextises. Tenmnt shall have the Tight to con

3trict parking ereas on the dazised premisas ag {ts o

- exponse,

() Tanant anajl have the rizht to install what~

ever nartitioning, Plumsinzg ond equimhe in the buildings

on the demisqd premises 2 1t daems necessary for its pure

PCSes and shall also have the right to male sueh nodifiagte
s,

installations and Tearrangersnts inside thg butldings on

the demtsad prenmipes ez it deems necessars to

Providiug tha SLIWGTUTT o the bULlAings is mes WSBSFLELLY
affcctod. At the expirmtiom of this lLease, Temant shall
rave the right to remove any partitianing, »lumbing and
emuipment so installed by (¢t (inscluding any heretofors ine
stalled by the Tenant).

(7} Tenani does Lereby agrec to raks all interior
repaisrs and will replace 21) glass which may be broksn an
the demiged premises and the Landlord will mmice all exterior

mepairs cxcept faneing,

(g) Subject to rermulations of tho approved lccal
authorities and directives of the Armed Sorvices, Tenant may
use or permit ihe lamised promises to bo usad for office space
G Tor thue ongineering of or the mamufacturdny of any types
of zoods and produdts, but Tenant shall net use or permi€
the domtazd prenises to Le used for any other purposes with-
cui e uritton consent of the Landlord.

(h) It is hereby agreed that the lLandlord aecepis
the !lnstallations, rearrangements, mdiricat_im. Lprovemento
and chan~es heretofore made by the Tenant in ths demised
premises. At the end of the term of this Lease, the Tenmant

d

ahall regtore the premises to the condition of the premises 2
existing on 1 June 1560 subject to the Tensnt's right to S
reoove equiprent et ceters, as specifisd in this Laase, -
£

o

O
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(1) e Tonant 38y assign this Lease, or te=let or
uahﬂn said premises, or any part thereof, but only with the
mgun consent of the Landlord, which sonsent will not be wme
ressonably withheld, and ths Tanpant may without consent re-let

tho Lease or undar-let the premisea to an affiliate or sugoessor
of the Tenant hereundsy, |

(3) T™e Tenant w111, as 185 omm sosy, u-u: camply
with and perform all statutes, ordinsmess, wﬁn. requiremsnts

and rogulations. Presant and futuse. —e ey Ftdmn & - e

County of Mmiocipel satherisy, n“w—-cmw
affecting said premises, insluding the linds m mu,
provided however, that at tho cammnosment of the term of’ tau
laase, when the T-nant enters into possession of the damiged
premises and ths duildinzs therson, thare shall de no violaticns
thereof. |

\ (k) Sudbject to regulations of ths Armed Services, ths
landlerd, or their sgents, shall be permitted, dwring the term cf
ths within Lease, tO visit and cxamine the premises At any reasecn-
able hour of ths day,

oL (1) "atil otharwise agreed, any notise providad for by
uu-um may be served either persomally upon an executive of
the:rennnt or upon any ons of the Landlords, or oay be served by
z811ing the eame, registered mail, powtess Jrepetd, adfreswed te .
tie Ténant at the division office at Perd Read, Denville, New
Jersey, or to the Landlord at 6620 Estero Boulovard, Port Meyers
Bcach, Florida.

(m) If at any time during the term thareof, the Tymt
shall be adjudicated a daniaupt or an insolvent sorporstiom; or
if tce Tenant shall compound its dabts or sssign 1ts estate or
effects for payment thereof; or if any exscuticn shall issue
azainst the Tenant or 1ts property on the premises, and & sale ™~

200 AMd
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had thereunder; or if a receiver or trustoe shall be appeinted of
u the Tenant, or of its property, and said sppointment is not
i vaocated within ten (10) daym after such appointmentj or i1 this
'{ Leass shall, by operaticn of law, davolve upon, or pesa to any ‘
person or perscns othsr than the Tenant (except as a result of
merger or sonselidation), then and in any of sush contingeneies,
, this lease shall, at the option of the Landlord, cease and cam
to an end, five (5) cays after written notice to that effecs shall

i te gerved by the landlard upon the Tenant, or such receiver aor

. truateec at the division office. Thereupon, at the oad of said
i five (5) day pericd, ths landlerd shall Lrmwdiasely besems. en-
. titled to repoascos sald premises, and re-snter the same as of its

H
| former cstate.
l

{n) Upen amy Lreach or violation by the Tcnnt of any
of the terms, covenants or conditions of this lease, actuming
for a pariocd of twenty (20) days after written notice, the Land-
lord —ay, at their cleotion, tammtc'4thin lease, and upon such
" election, this leass, and all the estats of the Tenant in said , 3,
. rremiges, ena.u' ceme to an end, and the Landlord may thereupon gq
re-sntar the sald prenises as of 1ts former estate; previded, '
' however, that the Landlord —ay after said twenty-day period
; institute d:.lpoaiou procaedings roé the non-paymsnt of any rent
due hareundsr, without the nscessity of such notice; and provided
further that if the breasn or viclaticn by the Tenant relstes to Vs
. any covenant other than the payment of rent, then e.h. Landlord N
. ahall not bo ertitled to elect to torminate thie Lease unless the
Tenant "aila, within said period of twenty-days, to begin to

' romedy the breach or viclation camplained of, and thereafter

Nl .

;I‘uln to dili,ently complete the remedying thersof. Any waiver
, by the Landlord of any dreach ahall not bde deezied 3 waiver of

1
‘any sinllar or other further breach. Ths rights and privileges
i
i herein reserved ahall be, in addition to any remedy afforded to
;; t3e Landlord, in the Courts of Law and Equity.
]

| ' A «6 e
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- dats fixod hercin beesuso of aay aets or ¢edosies of tho Tenaong,

. provided for or Lecsusa of thw eleetion of tho st;lé PUrCEInd

R

(o) 1If the promipos chnll bosern chamfend Guwris

termw, o 1f the T:nant shall Lo dispesccssed oF io

premined, or tho toxm horvef shall cord prier to tho empisntien

o= ecause of ¢he happening of any ocntingensy o owat heroin

to the termso hereof, the Teaant dess hereby authsrisp tho Lwmde
lord, at its optiocn, 0 re-gonter the scms ad agons of tho Tongms,
or fc- 1ts own account, Or otherwiss, to rs-lst tho sams, and ¢o
mannse, cperate, ropair o ronodsl tho samm, if necdsooary or
daglirable for re=lotting purpocst, ond 26 FOEive ORE IBPly by
rent go received to the paymsnt of the coots of gueh managing,
operating, repoiring, remodeling or re-ictting, and tho exmeods,
1f any, to the rents duo herowndor.

entitled t0 eny ourplug aserving 0f & FOGULE of mHy Fo-lobtinm,
but ghall remoim 1iablo fos ony dafisdomey. Tho Fomont having
oncc abandornod or voeotsd tho premdcog nes ro-sater the
vithsut tho vritton eencont of tho Landlierd.

(p) Nethinmg hoxoin conbaincd chall do eaEantseord 0o B
consent an the part of tho Londierd to subjeet tha eptato ef tho
Lendloprd to 1lladility undor theo Machanics' Lien of tho Seats

of ¥au Jorsey, 1t being sxmressly understeood that the Landierds!
estoea ghall not te gubjeet o such liebility. Thio provision

shedl ReTOvOrF, bo 0£fD0¢ivO ealytath SOBINE 60 LOFTACID Bor= |
formed o materialo 3upplied at tho instanes of the Tonamt. |

{(g) 1In cass the dsmised premisea, or any part thescof,
ghall bo dameged by firo, oF tho @leEoNtd, then

(1) In caco sueh dnmngo chouldd be se olight oo
not te imterfese mubotamtially wieh by tko Tenant of the
demicod premioos, tho Landierd mhnll rFopady tho damnagD Gpeoddly
86 posoible, aad thozxo m& 50 no chateEmng of Fant) buG 4

(2) Sueh chould rondor tho domiged promisss
untenanteblie in whels oF 4. posrt, vAthout equsing a tetod dage
o7 = ‘
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truction thereof, the Landlord shell repair the same a3 speedily
as nossidble, and there shall be an abatemsnt from the cate of tha
:: fire until such r—pairs haw heen substantially complate, of so

itk 9 the rent as the rentsl valus of the wntsnantabls porticn

ol the nremises shall J3irly haar to the ront of the entire dome

i92d nrenisea,

(3) In cass of a total dastrustion of *.x-.ol presant
| main building on the demisaed premizes, *his Lease shall terminate
- ton (10) days aftar elther party ahall sarva writtem notice to
that affact upon the othsr, 4t which tins the m'l um- ta-
' possession shall coese and cam %o sm end. Tha ‘!aum shall, pay
| 211 ren% t» the date of such destrusticn end the landlord shall
renay to the Tenant all rent paid in advance beyond sush date

| inoluding so rmuch of the snnr:ej' as shall not hw_bcon applied
| to the monthly rent, as below provided.

. “A
(r) The Tenant agrees to remoeve or cause to de :

Tamoved, as the need for the sams crises, a1l anow and ics from
* ths eldewalk in front of thes demised premises and will lteep the
sald sidewalk clean, and free fTrom any and all fixtures, )

i obstructiona and sncumbrances and w1ll dsposit ashes, arbage |
© and other refuse {n proper covered receptacles, and the Tonant

) further agrees that 1t alone shall be lisble for any damage or

- injurmr to D2rson or pronerty caused by or resulting from any

| #atlure of the Temant to camply with the previsting of this
clause, and the T-nant acress to indemnify and save tho Landlord

| narnless from all loss or camage resulting therefram,

(s) The Tenant will pay sll mm property taxas

i assessad on 1ts own parsonal property and will pay all charges

- feor watsr, a8 and eleotrieity used by the !bmt. The landlord
,f w11l pay all other property taxss end special assesmments and all ;
Y {nsurance cn the land and buildings. The Tenant shall pay the

| Landlord, as additionsl remt, twenty-three and 67/1CO (23.67T%).

200 AMd
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pervent ofmnmab7mchtunmlpmtm.

- Payable by the Landlord in any year of ths term exseeds the

property taxss assessed for the year 1359 (namel,, v5.008 80). -
In the evunt of a redustion of taxes, Landlord will pay
Tenant twenty-three and 67/100 (83.67%) percent of the
amount by which the annual texss are reduced below the .
taxes assossed for the year 1959 (namely, $5,068.80).

(t) The terms, covenants and conditicns of the
within leass chall be binding upon, asd smuv to Whe dene--
fit of each of the parties herets, their respeciive emeutors,.

adninistratora, successars snd assizns, &8 the aase may be,

-5, Tenant shall have the optien ta purchase the
land and duildinges corprising the aforessld premisss &t any

for the sum of One hundrad gighty-two thousand aix hundred
sixty-seven and no/100 ($182,667.00) dollars until 1 Jamuary -
1965, at which tims Tensnt shall have the option te purchase
the sforessid land and bduildings for ¢he sum of One hundred
seventy-I"ive thousand and nc/100 (3175,C00.00) dollars

during tha remaindar of this lcase, including any renewalo

time during the tarm of this Lease or any renewal thereof ><

thereof. Tenant will zive notice of eleoction undar this
ontion at leaat ninaty (50) days before the data of the
axsroise of the optiom.

3. Tonant shall have the option to renew this leaas
Tor an additional €ive (5) year peried from 1 June 1565 ta
31 May 1570 under the smms terms and conditicns herein,.
except the rentel herein shall be incressed by ten (108)
sercent. This option may be exerciged by Tonant giving
writton notice to Landlord by mail hefore 1 Septembder 196A;

700 AMd
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T. - It is alse stipulated and agreed by lﬂfehuu
Landlord snd Temant that the leass made heresofore o or
-about 1 My 1549 and the amsndaents thegreto and amsreises
of option thoreunder will be caneelled and terminated in all.
Trespects upan the cxumneemsnt of this lease an 1 Jum 1960,

! meTRBSE WHEREQOP, the parties have hareunte sst thediy:
nmdnandum.mmmmum-mmm

these presents to be exmcuted by their Guly m exscusives
and officer, and their corporate ceal to be hereto affixed.

SIONKD, SSALED AXD DELIVEWRD /;7- f}W’“
Y-

mmmcxor

THICKOL CHEMICAL CCRPORATION
i RITACTIONR MOTORS DIVISION

- - (L
ATTEST: A (,,}74.-7

! BY

_—

-

M . N B PR

l ’ "'Z(u'i'lL .\ ! { ;/"I'* L{ {‘L‘\‘ X

| A S/ o b: . ¢
l
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SCOURTr QR NCRRIE. )

BEZIT-ICHEMBERCD, LAt em-thiglv d-dnyef N n".y...i“h-

in- tke: yeas- of” cur lLord Ono. Thoussnd Xino Bundred sna Pifty-nine, |

bctqrc:m;, thn_}lubacrihar;. _

prracnally-appoared TEOMAS.E. RSATHGOTE and BLANCRE I. KEATEGOTR,
his.wife; who, I am satiafled, are the lLandlords manticred.in:the
within Instrument, to wvhcea. I first made knowm the contenta. thore~
of;. end.thereupon they acknowledged that: they sigoad, sesled:and

delivered.the sams 35 theip veluntary-sét-ang died; rév tak-\ases
and purposes tharein expressed,

o -~

. v
. ji it
- / Al
S &7 . ol
J >

HIRMAN G MORITZ\

TARY PUBLIC OF. N. &
qgcg.w Laguwe Feb. 2, 1963

9I¥1T 200 AMd
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STATZZOT NIW JERSEY)
COTNTY-CE-NORRIS: ) 884
BSCITTRTICTOSEED, TEat on thighv ik 487 02 N Atan ben
1a tha yeer-of cur Lord Cne Tiicusand Nine Fundred snd Fiftg-nire,
telora. ca; . the: subseriter;
perscnally-eppeared DANIEL RLOCKNER, JR, and MARTHA.§. XIOCKMIR,.
nis.wife, who, I“am satisfisd, are-the Landlords menticned im-the.
within Instrument, to vhom I'first nade known thn contents. there~-
of, and thereupcn thay acinowlsdgad.that they- M oealsd-.and-
delivered the same as their voluntary ses n‘“‘i‘a W'“' '
end Jurposes thersin expressed.

r.

. ‘ B
! ) IR

FIOR P / tAA i‘ i
NG IO T
NCTARY PUBUC oF
L’W 2. Sﬂ B

LU {

- an
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STATE OF NEV JERSEZY)

t 88,3
COUNTY OF MORRIS )

: BE IT REMEMBERED, That on this lith day of December

in the year of our Lord One Thoussnd Rine Hundred and Fifty-ning, )
before me, the subSeriber, a Notary Publie, persenally eppeared. ‘ !

' WILLIAM P, CAMPEELL, JR., whe baing by me duly sworn on his oatk, "

says that he 1s the Assistant Secretary of Thiockel Chemical

| Corporation, Resction Motors Division, the Tenant named {n the
v foregoing instrument; that hs well inows tho cmﬂ uu ot’
! sa1d corporaticn; that the seal affized te aaid tnkw

, the corporate seal of said corporstions thn the said sesl was
J go affized and the said instrumnt signed and delivered. by |
’I RAYMOMD W, YOUNG, who was at the date thesreof the Gemeraml m:
of said Thiokol Chemical Corporation, Reastion Moters Division,

v

A

ii in the presence of this depoment and said Generel Yanager, at the
! same time acknowledged that he signed, sealed and dslivered the

1, sane as his veluntary act and deoed, and as the voluntary act and

' deed of said corporation, dy virtus of autharity from its Board of
v D'mcton. and that dspanent, at the samp time, subsorided his

inane to said instmmmnt as an attesting witness to the exccution

i thereof,

%!

i )
) : - . ) ;
i wt’ oy L . et
! T o (autpf'-(ﬂ.\f.
; ° : s ¥ 4
"Stfom ond subacribed beforz me

1@8% Denville, New Jersey,
[t‘n date aforesaid.

il I '

» P e /:’ ‘(-y ;1./
Notary Public

SF eV INIRY

TULEC. 30, 32

I
| QLAY FUSUS

P gIv¥T ¢00 3BMd -



STATR OF XV JEREEY) -
comnrr oy womRIs )

BE 1T m. T™hat on this 14th dgy Of December
in the yurofoururd.&- Thousand Mine Hundred snd Fifty-ains,
before ms, the subscriber, a Notary Publis, persenally sppeared
WILLIAN P, CAMPRELY, JR., who being by me duly swern on his cath,
says that he is the Asaistant Secretary of Thioknl Chemical
Corporation, Reaction Motors Diviucﬁ. the Tenmnt numed in the
foregoing instrumnt) mzuunu-m_w_ ' .
8214 corperation; that the seal affixed to said inatramas 18 -
the corporate seal of sald carporation; that the sald seal was
so affixsd and the said instrmzment signed and delivered by
RAYMOND W, YOUNG, who was at the dats thareof the Genaral Manager
of said Thiokol Chemical Corporstion, Remstion Notors Diviaion,
in the presence of this depormnt and said Gemeral Maneger; st the
same time soknowledged that he signed, sealed and deliversd the
sams as his veluntary act and dsed, and us the volunsary ast end
deed of satd corporstion, by virtus of sutharity from its Beard off
Directers, snd that dypa-nt, at the same tims, subsorided his
nams to .u4.~,q;mt.mt as an attasting witness to the exsoutiom
thereof,

guorn and subsceribed before me
at Denville, New Jersey,
tha date aforesaid,

S > ’ / v
. ,"/;.(:., . /( . ‘-_‘1/{|"(

7 — Notary Publlc

m FUBLIC, STATE OF NEW 1E23EY
K?' sneniCid EAILES GEC. 30 1382

00 AMd
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4\“ GROUND/WATER e

® ‘)vy. TECHNOLOGY, INC. (200 6255888 or 20y e

July 3, 1986

Mr. Michael Suroweic :
N.J. Department of Environmental Protection
Bureau of Industrial Site Evaluation

CN-028 :

Trenton, New Jersey 08625

Dear Mr. Suroweic: B
SUBJECT: MASDEN INDUSTRIES - E.C.R.A., CASE #85551

) At the meeting we had on site with Mr. Ted Hayes of NJDEP,
*:) several guestions were raised by him concerning the history of
"= the site. This letter is in response to those guestions.

The main building was constructed in 1946 on what was an open

field (refer to Site Plan drawing B85508-1). Next, an addition was
built between 1948 and 1950 (portion along Oak Street). The

shipping/receiving area by the loading dock was added about 1962-

63. 2And finally, the portion currently occupied by Masden was

built in 1964. The facility has always been connected to public

water and sewers; to Mr. Klockner's knowledge, no wells or septic

fields were ever on this site. There are no records of soil

borings taken on any part of this facility.

There are two known connections to city sanitary sewers: one in

the main office area along Stickle Avenue, 1946; the other on Elm
Street from the Masden area, 1974.

The storm drain in Masden's parking lot was installed about 1972.
The purpose of the area of newer pavement was to reconstruct a
low portion in the pavement where water would pond. This was

done in 1978, and the center catch basin was added at that time.
There were never any tanks in that area.

The identified water wells in the area are shown on Drawing
85508-1. '

200 Amd
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Mr. Michael Suroweic July 3, 1986
- - Page 2

Finally, the floor pit, where the fuel lines from tank number 3
came into the building, will be filled and sealed if it is

permissable to do so.

Should you require any further information regarding the site,
please contact us,

Very truly yours,
GROUND/WATER TECHNOLOGY, INC.

(e

Gary”’J.%Cluen
Sr. Hydrogeologist

GJC:gw

¢00 AmMY
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MORETRENCH N Uj;ﬁ /:/4?/ = 609-(;33—/9:5'/
ERNVIRONMENTAL
SERVICES, INC.

100 Stuckie Avenue, Rockaway, New Jersey 07866
(20%) 627-2100
July 23, 1987 _

iy

Mr. Nalbone

N.J. Department of Environmental Protection
Bureau of Incdustrial Site Evaluaticn

CN 028

Trenton, New Jersey. 08625 ...

RE: Masden Industries = Multifcrm Metals Division
Klockner & Klockner Property
Rockaway Borough, Morris County
ECRA Case $B835:251

Dear Mr. Nalbone:

Results from <he first round cof sampllng of monitor wells at <=he
Klecckner property has revealed the presence of wvolatile corgangc

- - compounds with ccncentrations ranging. from 23 to 388. par<s ;gr
billion (ppb). Only four volatile organic compoundés have been
identified: <«richloroethylene (TCE), tetrachloroethylene (PCZ),
t 1,2-dichlcroethylene and Dbromoform. Veolatile organics werse
found in each of <he six wells.

Testing for petroleum hydrocarbons and base/neutrzls on the <hree
shallow wells all came Dback as ‘"undetec:ted". Ta2sting o
priority pollutant metals on the three shallow wel’s revea
Arsenic (.004 to .014 ppm), Chromium (.009 to .028 ppm), Co
(.04 to .07 pnm), Lead (.09 to .047 pzm) and
(.09 to .17 opm):; the cther metal compounds were ‘"undetec
All metals were within primary drinking water stancdards.

m I‘J 'Yy

A summary table of testing results is attached. The s=2¢cond round

of well sampling will be scheduled shortly. As part of zthe
second round of sampling we intend to include the two NJDE?

monitoring wells located to the north and south of <the Klockner
site. We will be in contact with Mr. Bob Gallagher shecrtly <o
chedule access.

As a result of the first round of sampling, it is apparent <hat
the cnly contamination present is volatile organics. We reguest
that the second round of sampling be limited to volatile organics
only and that testing by GC scan instead of GC/MS Dbe approved,

since the four compounds of ilnterest are known.

(44 AN
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o EXHVRTNO. 8 ®:

SITE PLANS

REACTION MOTORS DIVISION
THIOKOL CHEMICAL CORPORATION

DECEMBER 1958
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Plot Plan

Building No. 1

Building Nos. 2, 3 and 7

Building No. 8

Building Nos. 10 and |1l
Building No. 12
Building Nos. 13 and 14

Test Areas '""A'' and ''B"
Test Areas "C'" and "E"
Test Area '"'R"

Building Nos. 4 and 10

Building Nos. 60, 60A, 60B
and 62

Bl N
o,

INDEX

Rockaway-Denville Facilities

!

Engineering and Research Building
Denville, N. J.

Manufacturing Building
Denville, N. J.

Beech Street Building
Rockaway, N. J.

Pine Street and Post Office Building
Rockaway, N. 7J.

Stickle Avenue Building
Rockaway, N. J.

Elm Street and Pump Test Buildings
Rockaway, N. J.

NARTS, Lake Denmark, N. J.
NARTS, Lake Denmark, N. J.
Thiokol owned-Lake Denmark, N, J.

Office and Assembly Building
Bristol, Pa.

Manufacturing Building
Bristol, Pa.
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SITE PLANS

THIOKOL CHEMICAL CORPORATION
REACTION MOTORS DIVISION

30 June 1959
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INTRODUCTION

Thiokol Chemical Corporation, Reaction Motors Division is organ-

ized, staffed, and equipped with personnel, equipment, and facilities to.

provide research, development and testing for rocket engines, compo--
nent parts, and propellants. It is also geared for the production of
rocket engines and component parts for aircraft and guided missiles.

Reaction Motors Division occupies 486, 538 sq ft of covered struc-
tures including test areas on approximately 350 acres of land. Present
plans call for an additional 69, 269 sq ft of covered area to be available
during 1959. Figure | shows the geographical locations of the various
RMD facilities.
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REACTION MOTORS FACILITIES

Figure 1
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Denville - Rockaway Facilities
Figure 2
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Rockaway - Building No. 10, Pine Street, is a masonry steel framed
building leased to RMD. This single story building is located on 10 acres

of land and can readily be expanded for production facilities if the occa-

sion demands. A catapult assembly facility and storage now occupies the

building.
Utilities Available - Usage and Expansion
Available

Utility Present Usage for Expansion
Water 15gpm 65gpm
Electricicy 100 kva 200 kva
Sewerage 4 in. Sewer --
Stearn (Heating) 100 hp 175 hp
Compressed Air 300cfm .-
Natural Gas Negligible 4,000 cfh
Rockaway - Building No.1l, Post Office, is a cinderblock, stucco .

building. The second floor is leased for use by Division and Corporate

service type offices.
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Rockaway - Building No.12 is a steel framed, concrete
block, two-story structure. Building No.13 is a steel
framed, concrete block, single story building with a par-
tial basement. Building No. 14 is a two-story wood framed
masonry building. These three buildings are leased to
RMD. Building No.12, houses Engineering offices, cafe-
teria and services. Building No.13, is also used for
Engineering offices and services. Building No. 14, is
used for Turbopump Lab and storage. Adequate utilities
exist for these buildings with capacity for a much higher
electric demand load available for any future manufacturing
requirement.

Figure 2B
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REPORT to the Shareholders of
Thiokol Chemical Corporation

The accomplishments during 1958 are reflective of the loyalty,
know-how and energetic teamwork of all the employees of the Com-
pany, numbering 7,444 at the year end. The results of this splendid.
cooperative effort are indicated in the sales of $88,993,121 and net
profits of $3,007,699 for the year 1958, the largest in the history
of our Company. Based on the 1,465,973 shares outstanding at the
year end, net earnings for 1958 were the equivalent of $2.05 per share.

In March we acquired certain assets of the Hunter-Bristol Corpora-
tion whose primary facilities were located at Bristol, Pennsyivania.
The principal objective was to obtain additional facilities to alleviate
the congestion at Trenton. The Chemical Division established
Urethane Laboratories at Bristol early in the year and in September
the Executive Offices of the Corporation were moved to the newly
acquired site. Facilities for the production of pre-packaged liquid
rocket engines are now being readied at this new location.

With the approval of stockholders, on May 1 Reaction Motors, Inc.
was merged into Thiokol Chemical Corporation. This merger greatly
diversified the Company’s activities, facilities and capabilities and
placed it in a very strong competitive position to serve the require-
ments of the Department of Defense for both solid and liquid propui-
sion systems. Pursuant to the provisions of the agreement of merger,
Mr. T. F. Walkowicz, Technical Advisor to Laurance S. Rockefeiler,
became a Director of the Company.

In January 1958 our stock was split on a two-for-one basis following
the stockholders’ adoption of a proposal to increase the authorized
capital stock from 1,000,000 to 2,000,000 shares. Through the
Subscription Offering on the basis of one new share for each 12
shares of Thiokol Chemical Corporation Capital Stock outstanding
on September 17, 1958, 106,669 shares of stock were sold at the
subscription price of $42 per share. In October we again declared
a 59, stock dividend.
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CHEMICAL DIVISION . .

Our Chemical Division has continued
to expand through new markets, additional
products and the growth in consumption of
our products by established outlets, all of
which led to total sales of $10,443,740, an
increase of 439, over the previous year. Pro-
duction at both the Trenton and Moss Point
Plants was carried on at an increased rate
during the year and production facilities at
both plants were expanded. At the year end
398 people were emploved by the Chemical
Division, 60 of whom were located at Moss
Point. :

ROCKET DIVISION

All of our solid rocket plants have been taxed
to capacity during 1958 and facility expansion
programs are vigorously under way at each of
the four locations. During the year the num-
ber of employees engaged in work at o
solid rocket divisions increased by 2,435 ?
4,877 at the year end. Acceptance of soli
propellants for use in the larger missiles is
one of the principal factors indicated by
the increased activity reflected in the 9897
increase during 1958 bringing our sales in
the solid rocket field for the year to
$45,954,066. Sales of Reaction Motors, chiefly
in liquid propulsion, totaled 331,212,793 for
1958, an increase of 28% over 1957. High-
lights concerning the divisions engaged in
rocket work follow.

UTAH
To meet the increased workload construction

was started on 57 new buildings or building
additions in the manufacturing and testing

00
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on which operations are carried out in more
than 30 buildings. T'o meet the expanded require-
ments for solid propulsion systems, a $3,600,000
government faciiity expansion program. ap-
proved during the latter part of 1958, will add
nine new buildings and place approximateiy 300
additional acres under the area assigned to
THIOKOL. At the year end 1,809 employees. a
large portion of which are scientists, were en-
gaged in the work of our Redstone Division.

LONGHORN

The activities of our Longhorn Division are
conducted at the government-owned Longhorn
Ordnance Works near Marshall, Texas. During
1958 the volume of business increased by approx-
imately 929, over that of the previous year
while the number of empioyees increased ap-
proximately 519, to a complement of 1,352 at
the year end. Government facility expansion
programs completed in 1958 increased the value
of the facilities in operation by approximately
$1,500,000. During the latter part of the year
an additional facility expansion program of
$3,500,000 was approved by the government.

REACTION MOTORS

The Company’s liquid propulsion work is con-
ducted by the Reaction Motors Division with
facilities located at Denwville and Rockaway,
New Jersey which are owned in part by the
government. As a result of development efforts
pioneered by the Reaction Motors Division in
the field of packaged liquid power plants and
because adequate facilities were not available
at Denville and Rockaway, it was decided to
establish at our Bristol location a facility to
produce packaged liquid engines under contract
with the Navy. At the year end the Reaction
Motors Division employees totaled 1,815.

The dispersion of our Rocket Division activities affords close
contact with the prime system contractors and the other
segments of the missile industry with concentrations on the

200 AMd
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MISSILES

* apsth motors by
Thiokot. @

FALCON. An exampie of & true solid propellant guided missile
power piant, the motor for the Air Force’s FALCON was

3 daveioped by THIOKOL in conjunction with the Hughes
{ Aireraft Company. FALCON air-to-air missiles using this
N motor became operational early in 1956, and are now part of
‘ US.A.F. standard armament. They can be csrried in quan-
tity by interceptor aircraft, launched miles from the target.
Thaey are fired and guided electronically.
OPERATION FARSIDE. an early venture in spatial research.
. . sent a man-made object some 4000 miles above the earth.
/S - < Launched from s bailoon at 100,000 feet, the Farside rociet
VRN relied on four THIOKOL solid propeilant RECRUTT motors for

its first stage, and a single UIT for its second stage.
The project helped space science gain much data which has
contributed significantly to subsequent progress.

— — _
== @

X-17, developed by Lockheed Aircraft’s Missile System Division,
ia the workhorse of America’s rocket research program. This
re-enuy test vehicle is powered by five solid propeilant motors
developed and produced by THIOKOL. They provide the high per-
formance needed to heip answer the problems of air friction at
hypersonic speeda and the sccompanying temperatures.

X-15. America’s first manned rocket. Designed to carry a human
being to the fringes of outer space, it will be powered by a liquid
rocket engine built by THIOKOL'S Reaction Motors Division, and
capable of developing an estimated one-half million borsepower.
This pﬂot—eonmlm'nhido for spatial expioration and research,
produced by North Ameriean Aviation, stands as & joint venture
of the Air Foree, Navy, and NASA.

TR
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LACROSSE. Motor for this highly accurate. general support field artillery
guided missile was developed by THIOKOL under Army Ordnance
contract. Fired from a3 truck mounted launcher, the missile wiil
repiace or supplement conventionai artillery. Produced by Glenn L.
Martin Co., LACROSSE is designed for close tactical support of ground
troope, is mpable of carrying area type warieads, accurate enough
{or destroying hardpoint targets.

SERGEANT. A solid propeilant surface-to~surface ballistic guided missile
able to deliver 2 nuclear blow deep into enemy terrain and invuinerable
10 any known counter measures. SERGEANT—superior in power,
rdnge, accuracy-—can be put into action more quickly than many
other wespons systems. [t's transportabie by air, can be fired under
ail conditions by a smail crew. SERGEANT was designed and deveioped
by Jet Propuision -Laboratory and is being produced by Sperry
Gyroscope Company.

NIKE HERCULES. Amenm s second land-based, combat-ready, surface- N\
to-air guided missile system. Designed to intercept and destroy
targets at longer ranges and higher altitudes than its predecessor.
NIKE HERCULES represents the joint efforts of Army Ordnance, Bell
Laboratories, Western Electric, Douglas Aircraft, THIOKOL and
numerous subcontractors.

MATADOR, This Air Foree tactical missile operates surface-to-surface
at subsonic speed ranges. Manufactured by the Martin Company,
it is launched by a THIOKOL booster rocket which was developed and
ready for flight test in the short span of 10 months. MATADOR is
electronically controlled by ground personnel, is highly resistant to
counter measures, can be deployed over wide expanses of wster, will
deliver an atomic warhead. .

GUARDIAN | AND II. Pre-packaged liquid
rociet engines deveioped and produced for
the Navy by the Reaction Motors Divi-
sion of THIOKOL CHEMICAL. They're fac-
tory fueled, inciude entire engine system,
can be held in ready state for extended
periods of time. Safe, fexible, this revoiu-
tionary liquid rocket engine deveiopment
eliminates propeilant handling in the
field . lends itseif to many missile
appﬁations.
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Elkton Diciston

Sales of our Elhton Division mereased 6250 darimg 1959,
Elkton’s Sarv Retrograde vocket engine operated saveessfully
to return Disvoverer VHTE from orbit, and the Retrograde
rochet which will help ensare the sale retirn from orbin of the
Mercury Astronant was designed, manolactured and satisfae-
torily testhred. An Elkton engine was successlully thyht tested
as the fonetli stage of NAS Vs project Stiongarm whneh made
atmospheric observations at an alinede of TODD nles.

Fiktan’s 1000th Cajun engime was delivered in 19593
Cajon was used with a cluster of other engies i establizhing
a new lllnllnl';lil .\l('ll .\quml hfl'ul‘tl uf ;l‘llll'n\lnmh:')‘ M;Il'h ‘..r)
at Holloman Aiv Foree Base. As the second stage of the Nike-
Cajun, this engine propelled instrumentation for project
HOUGO which photographed the weather over the entire
castern scaboard for the brst time.

A substantial portion ol the work during 1959 was on
Subroe under subcontract from Goodyear Avreraft Company.
Subroc is a solid propellant missile, to be fivred underwater,
travel most of its course through the air, and vetuen to the

sea in scarch of its target.

Utah Division

The growth of the Utah Division has continued at a
phenomenal rate. Sales incrcased 760%. The Company’s
investment in property, plant and equipment increased from
$1,371,624 at the end of 1958 1o $8,692.552 at the end of
1959, In addition 1o the investment in Biahe facilities by
Thiokol, the Air Force has undertaken a program extending
through 1900 which will provide additional development

12

Lo

facihities valued at approsimately $10,000,000.

Rescarch and Development work on large solid propell
engines bore frant in 1959 as Thiokol €hemical Corporat
was selected by the Air Force to manufacture the firstsi
engine for the Minuteman 1CBM.

While the major effort of the Utab Division was i«
nection with the development of the Minuteman 1CBA,
Pvvision al-o produces hooster enganes for the Mactin Magad
Tocaddivion. prelinmary production of the new rocket boos
e the amproved Ve Foree Jong range suclaee-to-ar miss)
Bomare has been pedformed under subeontracts with Boe

AVirplne Company.

Utah Production Division

ty December the Air Foree annowneed plans 1o canstr
a facility adjacent 1o our present Hialy Division for the o

“duction of first stage engines for the Minuteman missile. b

understood that the Air Foree will invest approxinata
$30,000,000 1wy this project. Hoas expected that Thiokols
vestment for this purpose will approximate $2.500.000.
The Uhah Production Division was estabhished in 1)
cemwber with the initial 1ask of developing the engiieern
eritenia and plans for the production plant. fn doe conrse 1l
new division will operate 1o prodoce firsi-stage Minotem:

engines for the Air Foree,

Ieaction Motars Division
A high devel of tipoid propulsion waork durig the pritst g
resulted inoan anerease inosales of more than 1190,

Tovestment in property, plant and cquipment at Denvill
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and Rochaway increased by approximtely $ 1300000 Juring
1959,

The: pl‘t:-p;u:kug(:cl Higuad rochet enzme his been mtroduced
into two Navy missiles, the Sparcow HEand the Bullpup. Pro-
duction of the Sparrow engine, known as the Guarduan b, was
authorized by the Navy in May . The Reaction Motors Bivision

Production Plant was established at Bristol, Pennsybvamia, A

production conteact for the Bullpop cngine. Guoardian 11 bas
already been awarded fora substantal munmber ol these ns.
A contract o develop the third mhe <cnes ol pepackaged
|itl||i(| l'll'r:illu.\, 1o |n: Noown as l|u' (;u.ll’nll.m ||| ||.|~ |n'|'l|
negotiated with the Navy.

The National Rocket Society recently awarded the Borg
Warner trophy 1o Thiokol for its work on prepackaged pro-
pellants.

Development work on the engine, designed to power the
X-15 piloted aireraft, was completed during 1959. Destined
to tly man to the edge of outer space at a speed in excess of
4000 miles per hour, this engine is the most powerful aircralt
engine and the only throttleable rocket powerplant in the
country Engines are currently being assembled and nitial
shipment of these units is expected 10 begin during the early
months of 1900).

Another Navy missile, the Corvus, developed by Temeo,
will be powered by one of our liquid engines. Development
work was q:umplclcd on this powerplant daring 1059 and
production is now under way. -

The suceessful completion of the development of the air-
craflt catapolt launching program was accompanied by the

14

prodacnon and slapment of Towr catapult wnis tor mstalby-
Bon on the new Navy Noclear-powered areradt varrier, the
Faterprise,

Locreased actnaly the t|<~u:|u|;un'nl, |n‘mh|n'liun annd
prromotion of specialvalves and other componaiits for rocket
encines has beena key prograncduring the past year. s new
area ol activity s expected to hecome an even move Hporiant

Fvctor i the connng year.

SPECIANETHES OPERATTONS

Hunter-Bristol Division

Hunter-Bristol sales for 1939 were approsimately doubly
those of the I»n-rn“n;: yeir, About 7290 of these sades were
mterdivisional, over hall of which was in conncetion with
the Minmeman and Mercury programs.

During the fasthall of the year, efforts were concentrated
on changing the major activity of the Division from enginees-
ing service to end products. The lirst major break through
that approach was a substantial contract from the Stanley
Aviation Corporation for the development ol a vockel ejector
system for the B-58 pilot escape capsule. The program, which
s shared wiorh the Flkton Division, is well along in the e
velopment stages and will be followed by production daring
19040,

The Hexible shaped charge developed ininally for missile
technology as a precise method of cutting by use ol explosives
is naw heing tewed for varions commercial applicanions. nitl

results ave encouraging.
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TELEGRAM

1

1O J. W. CROSBY, PRESIDENT
THIOKOL CHEMICAL CORPORATION

The record breaking X-15 flight on 7 March is a significant
achievement in which the Thiokol Chemical Corporation can
take justifiable pride. This and other flights of the X-15
have convincingly demonsirated the copabilities of the
XLR99 rocket molors developed ond produced by your
Reaction Motors Division. This record breaking flight brought
us a step closer 10 manned orbital and space flight, and we
are looking forward to the continued success of this program.
Please accept my congratulations to Thiokol for your
contribution to this remarkable feat.

Bernard A. Schriever
Commander
Air Research Development Command

Ce - o r——_—— to— ¢ =i p——

TELEGRAM

1O 1 W (ROSBY PRESIDENT
THIOKOL CHEmICar CORPORATIOHN

The highly successtul launch of the first Minvleman today is
a significant demonstration of our progress in missile tech-
nology and particularly emphasizes the advances we have
made in large solid propellant systems. This Minuteman
flight was the first in the history of the free woild in which
a complete, multi-stage intercontinental missile, with all sub-
systems installed and operating was successfully tested on
its initial flight. These major accomplishments can be directly
atiributed 10 the superior technical planning and outstanding
program management continuously demonstrated by Ihe
members of the military industrial Minuleman team. To all
personnel connected with the Minuteman Weapon System
| extend my personal congratulations and a hearty well done.

Thomas D. White, Chief of Staft
United States Air Force
Washington, D. C.
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As of now our long range projects m Chemical Operations

are in better prospect than at any time i the past.

Volume of business was lower in all our Rochet Divisions
except Utah (Wasateh is under construction). Changing
military requirements, combined with long delays in time
between the submission of proposals and contract awards,
alleeted our volume and profits in 1960

Durimg the year we ineurred costs i exeess of ornginad
estimates under certain cost-plus-fised-fee fy v contracts,
These “overruns™ are the resull of unforeseen technival
problems requiring additional funds without additional fee.
The overall proft rate (in terms of pereentage) was sub-
stantially reduced.

There were, however, very signilicant achicvements that
will cornerstone the Corporation’s Rocket Operations prog-
ress aml profits in 1961 and future years.

Chicl among them were these successful programs for

the armed services:

1. Pershing
2. Nike Zeus
3. Minuteman

1. XLR99 (liquid engine for the X-IS)

Phiokol is the major propulsion supplicr for these projecis

—in fact the sole supplier of propulsion in all except the

aMd
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Minwmtenan. o that nissile, Thiukc!l Turnishes the all
important Geststage booster that s so outstanding i prov.
ing the value of large solid propellant engines” for space
as well as military missions.

The performance records of Thiokol’s liquid propelled
XLR99 and solid propelled Minuteman in 1960 and carly
1901 are two ol the most significant and satislactory develop-
ment= i o nabion’s nssile program. Tests on the Army’s
Pevbing and Nike Zeos prograns indicate huture perlormn:
ance Lests ol operational reconds of comparable statare.

Thiokol's Deader=hip e Taege solid propellant engines
took piant stndes in 1960 and carly 1961 Flight tests demon-
steated the reliabibity and ceonomy of solid fucl propalsion
units for space projects as well as for mibtary purposes.
Suceess ol the Minuteman, climaxing other solid propetlant
performances, projected sohds into futare space projects
at an aceelerated pace.

These are achicvements, best summarized in the messages

‘of Generals White and Schriever reproduced on the inside

hack cover of this report.

Development work on the booster for the Bomare B
surface-to-air missile has been nearly completed. In 1est
Mights the booster engine performed-without a single Gulare.
The Company has been awarded a Bomare B production con-
tract. Although the development work on the Navy’s Subroe
15t carlier stages, present idications for this submarnne-

carried missile are also very promising.
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Last spring we established our Rocket Operations Center

at Ogden, Utah to strengthen all phases of our vocket
activities and 10 serve our customers more efliciently. The
staffs of the five district offices servicing Rocker Operanons
were also strengthened.

A Nuclear Development Center was estolib=bied i Parsap-
pany, N b, during the year. A small contract fiom the
Air Force wias our fiest order. W are at present teamed
with three major companies i proposals beng submnited
to the National Acronautics and Space Mdunmsteation and

the Atomie Energy Commission.

During the year National Electronics Laboratories, Ine.
was liquidated. The business was. continued as part of
Specialties Operations. Activities of National Elcctronics and
Hunter-Bristol Divisions were reorganized to meet changing
conditions in the specialty fields in which they operate.

ln 1959 the Company organized a Corporate Phinning
Department to establish Jong range goals and a program for
ultimate attainment of these objectives, which include devel-
opment of new markets and new  products (gencerated
internally as well as by acquisition) with emphasis on diversifi-
cation. This program has in two years shown promise of
[ullillment. T will put the Company in excellent position 10
hroaden its operations and meet constantly changing situa-

tions and competition.

LGVT 200 AMd
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Our Company esprit is excellent. Ourengineers anl
seientists have done an outstanding job, evidenced by the
brolliantly successful project fullilhnent expenienced during
the past year. I from an carnmgs standpoint this was a
disappointing year, alter the great growth in 1959, 10 was
al=0 a year of achievement incoordination ol operabions
amd improved orgamization, This “augues well for suceess

and betrer carmmes i 1961 aad the near fature,

Respectfully subnitied,

ot

PRESIDENT
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THIOKOL OPERNTIONS AND

TECHNICAL SERVICE LOCATIONS

DENMILLE, N

Reaetion Mators Divinion
PARSIPIPANY, N ).
Nuclear Development Center

TRENTON, N. J.

Headguartees, Chemical Operatinns

niasToL, A

Conpaorare Headguariers,

Headiuariees, Speciattsen Operatis:

Hunter-Bestol Divisaon,

Reacnion Matoes Produacien Plaae
FERTON, ML,

Fihton Divasi

WASHINGTON, 1.
Natioaal Elecironies Divison,
W ashingron Oflice
MUNTSVILLE, ALA.
Redsrone Division; )
Southeast Distriet Oflice

MOSS POINT, MISS.

Produetion Plant Chemical Operations

CAPF, CANAVERAL, FLA.
Technical Service Office
RMARSIEALL, TEXAS
Langhora Division
DALLAS, TEXAS
Southwent District Oftice
DAYTTON, ONLO

Central Dintrict Oflice
RIGICHAM CI'TY, UTAll
Vealy Division;

Wanateh Divi
OGDEN, UTAN

Rocket Operations Center
SEATTLE, WASH.
Technical Service Office
FOS ANGELES, CAL..

o

Went Coast Chemical Division Oflice

L SEGUNDO, CAL.
Went Coast Rocher Oflice
T LANCASTER, CALL

Tevchaical Service Office

[

12

THhiokol -

CHEMICAL CORPORATION

Sltegistered Toalemark of the Fhuokol Chenaval Corporation for s dequad poly.
niers, tucket paopellants, plasticizers, snd other chenncal products.
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Spacecraft. Work also commenced on the design and the
development of a solid propellamt aceeleration rocket
engine for the Dynasoar

manned space ghider ander

ar L w contract with The  Boeing
. . Company.

During the latter pant of
1961 the Company acquired

options on over 15,000 acres
of Land in Georgia and Ala-

bhama for shrategie sites on

hnasour motes ante space

which to construet facilities

in anticipation of awards of contracts 1o Thiokel on the

NOV A and other large salid fuel engines for space explova-

ton work. PLint layout work and other preproduction efforts

have heen nearly completed and it is expected that construc-
tion could be commenced in the late Spring of 1062,

Sales of the Liquid Rocket Engine Division declined

December production of pre-
packaged liquid engines for
the Bullpup missile com-
menced on a substantial
scale. The pre-packaged lig-
uid engine, a development
of the Reaction Motors Di-

vision, shows grea potential

Big Booster
cupability at Pocatelln

and is expected to he adopted
as the propulsion system for a number of other missiles.

Programmed llights of the experimental piloted X-15 air-

Amd

during 1961; however, in

eralt were successtully accomplished during 1961 Phirteen

powered  lights using the Thiokol XERO9 qhranleable

rochet engine hrought suecessive altitnde and speed

ords, until an altitude of 217,000 feel .

and a speed of 1,003 miles per hour !

were established on separate flights ) ”

toward the close of the year. h[
Development and production of

|;||-r',v valves and other «'mnlmm'nh al

P
Reaction Maotors Division for handling :n,

eryogenic and other matevials for the ’
missife i|n|u>ll‘)' increased sul»lunliu“y J!‘lb
during the year. Capability in this field ok, electronie

. . . . . monitor for power
is being extended to industeial dpe nssion equipment

phications,

Although Specialties Operations contvibuted hut Biide 1o
sales for 1961, developments resubting in new products
were suceessfully completed and sales resulting from this
effort will increase in 1962, The
National  Electronics  Division s
being consolidated  with the elec-
tronics operations of the Bristol Di-
vision. The Company intends 1o
expand its position in the electronies
ficld and 10 build around the present
product lines.

Duving 1961 Thiokel Chemical
Corporation substantially expanded

its facilities and operations by a

Machining puchuged
liguid engines

series of acquisitions. Some of these acquisitions angmented

s bttt s e Mnm‘_ h am e
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our existing business through enabling us to perform opera.
tions which Tormerly had 1o be subeontracted. Others of
these acquisitions put the Company into entively new busi-
nesses, primarily of a commercial nature or with substan-
tal commercial potential.

The Company entered into a ten-year agreement, ellee
tive Lanuary 2, 1962, for the dease of most of 1he huildings
and equipment of the former Naval Ovdinance Depot w
Pocatelao, Tdabio, with an option 1o buy these Tacilities w
a piee sli-rillll)' e eveess of 30000000 The ocatello
facility will he operated as an Annex 1o thie Wasateh Divie
sion. blial opevations will involve stovape, inspection and

preparation work oncinert components. We also expect to

operate this facility (o produce ground support and hand-

ling devices for use in the production of Minuteman and
other large vocket engines.

As of December 31, 1961 Thiokol acquired the Trenton
plant of the Panelyte Division of St. Regis Paper Company,
in exchange for 117,256 shares of Thiokol Capital Stock,

and is now operating the facility as
- ‘ the Panelyte Industrial Division.

' :ﬁ"‘.‘ 5o .. This new Division produces indus-

B

I < e ¥ M e . . .

r F.V <= trial plastic laminates in sheet, tube
: Vi

[ nd rod form for the electrical, ap-

Wi - g s J . ’
03 P_dz S pliance, machinery and other indus-
v 5T~ ries; high pressure molded parts

¢

Preparing materiad for for electrical utility applications;
lamination at Punelyte and molded high temperatare in-
sulation parts for the acrospace industry. An intensified

rescarch and development program has been initiated 10

r
} Sbr 200 Koty
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provide Tor the extension and improvement of the present
product Tnes. This acquisition should provide a substantial
means Tor broadening the existing product lines of our
Chemical Operations as well asthe former Panelyte husiness.

In Seprember 1961 the Company purchased 95% of the
uul.\l;unlin;; (':lpil;ll stock  of  Shawnee Ilnlll.slri(:s, luc.,
Shawtee, Oklaboma, in exchange for 2850 shares of
Thiokol Coapatal Stock, This subsidiary is equipped to per:
o <hect metad Fovong, welding and machining for o
\.ninn'l) of andastries,

Io May 1961 Thiokol cutered into an agreement with the
Vitahs Serentihe Research Foundation, an alliliate of Uiah
State hiversity, giving Thiokol an
exclusive license to manufacture and
sell the Trackmaster vehicle devel-
oped by the Foundation. ‘The Track-
master is a tracked vehicle with
unigue capabilities for operation v
snow, swamps and mountainons ter-
vain, and has an existing market for

military and many industrial apph-

cations. Production is now under-

way in leased lacilities at Logan,  mackmasion sehicle
traverses deep
”lilll. powder now.

o the Latter part of 1961 the Humetries Division, head-
quariered in Los Angeles, was formed for the pucpose of
performing vescarch and development in the broad ficld of”
Life sciences, including behavior and engineering psychol
opy, raining, envivonmental physiology and bio-clectronies,

This program will mesh with present Rocket Operations
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| Rocket Operations
', Expansion and Growth...The Keynote In 1961

! During 1961 wmost of Thiokol's . . . and
. the nation’s . . . key missile systems
grew to maturity. With the success of
I Pershing, Minuteman, Nike Zeus, Bull.
' pup, X-15, Bomare and Mercury, the
; company expanded its capability to
! produce aud develop eritically required
| propulsion systems or rockel engines
| for defense missiles and the larger,
' mare sophistivated sysiems for ouler
i space.

) The company has 1uken lease options

"YOR ~— RMU) and Elkten Division
?-lul'{‘vvlfvwi“ provide steering il braking
facilitws for soft lapding on the moon.
Prinmie Contractol : Hughes.

posible prulunion of e boosers PERSHING--The Pershing has a remarkable
qeeord in development.

ossible production of lurge hoosters.
; l i Prime Contructor: Yaurtin-Marietta.

NIKE HERCULES—Now being deployed
around America’s key cilies as defense

against uircraft attacks.
Prime Contractor: Western Elecuric.

A ten-yeur lease with an option to buy a
! large existing plant in Pocatello, Idaho
was also acquired.

‘Wi i i . o tregram were seceived from
indations tn Vhivkal fur theie pait the A 1D o

" Hien and congra
Recugmiiod y during the Harmon Trophy awards.

President Juhn F. Kenned

BOMARC B—Ficst 36
were Aight teated with-
out a asingle booster
failure.

BULLPUP — Prepachaged
liquid engines, u Thinkol inna-
vation, have given this system
a prapulsion unit of unigue

NIKE ZEUS -- Thiobul
motors propel ull three
stages to send 1his missile
killer into actiun instantly.

Prime Contracior :
Boeing.

26
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characteristics.
Prime Contructor :
Martin-Marietta.

Prime Coatractor: Western
Electric and Douglas.
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THIOKOL OPERATIONS AND
TECHNICAL SERVICE LOCATIONS

BOSTON, MASS.
Boston Regional Office

DENVILLE, N. ].
Reaction Motors Division
LAKE DENMARK, N. J.
Dynasoar Laboratorics

TRENTON, N. J.
Headquarters,
Chemical Operations
Panelyte Industrial
Division
BRISTOL, PA.
Corporate Headquarters
Headquarters,
Specialties Operations
Byistol Division
Reaction Motors
Production Plant

ELKTON, MD.
Elkton Division

WASHINCTON, D. C.
National Electronics
Division
Eastern District Office
HUNTSVILLE, ALA.
Redstone Division
Southeast District Office
MOSS POINT, MISS.
Production Plant
Chemical Operations

CAPE CANAVERAL, FLA.

Technical Service Oftice
COCOA BEACH, FLA.
Florida Regional Oftice
MARSHALL, TEXAS
Longhorn Division
DALLAS, TEXAS
Sowhwest District Office
DAYTON, OHIO

Central District Office

SHAWNLEL, OKLA.
Shawnee Industries, Inc.
BRIGHAM CITY, UTAH
Wasateh Division
POCATFIL.0, IDANIO
Wasatch Division Aunex
LOGAN, UTAN
Logan Works
OCDEN, UTAH
Rocket Operations Center
SEATTLE, WASH.
Northwest District Ollice
1.OS ANGELES, CAL.
West Coast Chemical
Division Office
Humetrics Division
EL. SECUNDO, CAI.
Wast Coast Rocket
District Oflice:
LANCASTER, CAL..
Technical Seivice Office

¥ PANELYTE SALES OFFICES: Brookline, Mass.; Cincinnati. Ohio; Cleveland,
Ohio; Detroit, Mich,; Hamden, Conn.; New York, N. Y.; Skokie, 1l.; Treaton,

1t MD
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N. J.; Waushington, 1. C.
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U.S. Arny Sergeant, one of America’s
most rehable weapons systems Powered hy
solid fuel motors trom Thiokot.

THIOKOL PROGRESS

1962 saw Minatenman, America’s fivst solid Tucled TCBM. go operational
with the Air Force . . . and its fiest stage move into production at USAF
Plant 78 operated by Thiokol. It was the year of the Astronaut with both
Carpenter and Schirra, following Glenn’s breakthrough flight on Febru-
ary 20, 1962, returned safely from orbit on retro rockets fromn Thiokol.
It was a year of widening opportunity and new market cultivation for
our industrial groups. It was a year when research and development
projects of the past bore fruit, and when new ventures promising a still

brighter future were hegun.

ROCKET OPERATIONS
Thioko! moved strongly ahead on its military assignments, and took
equally strong steps toward the conquest of space.

Minuteman was tarned over to SAC. Sergeant hit its stride with the
Army in the ficld. The Navy's Bullpup “A” went into mass production.
Pershing anil Nike Zens piled up impressive developmental records.
Retro rackets proved total reliability in Mercury nanned orhital flight.
Spherical engines for application in the Surveyor program met all test
objectives.

The X-15, repeatedly successfnl in flight, continued to hit new specd
and altitude marks.

Thiokol moved more aggressively toward a strongei position in pro-
jected programs for big solid space hoosters, while it also designed and
developed new ablative materials, new propellants and engines for
future space propulsion systems.

poyT C00 AMd
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BOSTON. MASS

Boston Regional Ollice

DENVILLE, N. J.

Reaclion Motors Division

LAKE DENMARK, N. J.

Dynastar Laboratories

TRENTON, N. J.

Headquarters, Chemical Operations
Panelyte Industrial Division

BRISTOL, PA.

Corporate Headquarlers
Headquarters, Speciallies
Operalions

Bristol Division .
Reaction Motors Produclion Plant

ELKTON. MD.
Elkton Division

THIOKOL OPERATIONS AND TECHNICAL SERVICE LOCATIONS

WASHINGTON, D.C.

Eastern Dislrict Office

HUNTSVILLE, ALA.

Headquarters, Alpha Division

Alpha Division — Huntsville Plant

Southeasl District Office

BRUNSWICK, GA.

Alpha Division — Space Booster
Plant

MOSS POINT, MISS.

Production Plant Chemical
Operations

CAPE CANAVERAL. FLA.

Technical Service Oflice

COCOA BEACH, FLA.

Florida Hegional Oftice

MARSHALL. TEXAS

. Longhorn Division

DALLAS, TEXAS
Southwest District Olfice
HOUSTON, TEXAS
Houston Regional Oftice
DAYTON. OHIO

Central District Otlice
SHAWNEE, OKLA.
Shawnaee industries, Inc.
BRIGHAM CITY, UTAH
Wasatch Division
POCATEILO, IDAHO
Wasatch Division Annex
LOGAN, UTAH

Logan Works

OGDEN, UTAH

Rocket Operations Center
Astromut Division
SEATTLE, WASH.
Nornthwest District Oilice

LOS ANGELES, CAL.

Waest Coast Chemical Division
Otlice

Humetrics Division

SAN BEANARDINO, CAL.

San Bernardino Regional Ollice

Et SEGUNDO, CAL.

West Coast Rocket District Oltice
Panelyte Technical Service Olfice
LANCASTER, CAL.

Lancaster Regional Oflice

PANELYTE SALES OFFICES '

BROOKI! INE. MASS NEW YORK N ¥
CAPE CORAL, FLA ROCHESTEH, N. ¥
CINCINNATI, OHIO SKOKIE, itL.
CLEVELAND, OHIO TRENTON. N J
DETROIT, MICH WASHINGTON, DC.

HAMDEN, CONN

: o)
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Our rocket divisions are also sup-
plying engines for space exploration,
ullage and retro rockets for lunar
vehicles, jettison motors for the
Apollo escape system, and “strap on”.
units to increase the capabilities of

,'."‘ f“l

the liquid propelled Thor, to name a

few. The X-15 powered by the Re-
action Motors Division 1L.RY9 liquid
turbo rocket engine continued to

g

break its own records for manned

flight into the upper atmosphere.
Over 100 flights have been com-
pleted. An improved version of the

X-15 with a Thiokol LR99 engine of
long duration firing capacity will re-
ceive its first tests this spring.

Space Brakes for Gemini. The two man
orbital vehicle, scheduled for flight late
this year, will be equipped with solid
fueled retro rockets from Thiokol. Four of
these compact power packages (shown
* left) similar to those which proved totally
reliable throughout the Mercury program,
are being fitted into the capsule’s frame.
They have a dual role: one, to thrust the
capsule safely away from booster rocket
in case of lmmdn'ng malfunction; two, to
reduce speed of orbiting vehicle for safe
re-entry. The Titan 11 lounch rocket for
Gemini is fitted with Thiokol safe and
arm devices. Its military counterpart is
also equipped with Thiokol made valoes.

Improved Thor. Indicative of the grow-
ing importance of solids in space is their
adaptation to the Thor Standard Launch
Vehicle (right), a liquid fueled rocket with
L F ] . -

o Toane hictoren A e
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These demonstrations, along with further tests of 260-
inch diameter engines to follow later this year, will show
conclusively the ability of large solid rocket engiues to
boost heavy payloads into space—proving Thiokol’s lead-
ership in producing the world’'s most powerful rocket
engines. i

The Reaction Motors Division produced Bullpup en-
gines for the Navy, and is developing controllable liquid
engines for space applications. The first such engines will
be for the landing of the Surveyor on the moon.

The Elkton Division continues to develop rocket en-

Firat platean achieved in big solids program. In December of 1964,
the Wasatch Division tested the lasgest, moit powerful solid rocket mo-
tor fired up to that date. The 156~ diameter powerplant produced 1.4
million pounds of thrust over & two minute bum time. It successfully
demonstratad the large motor concept tn the first phase of ¢ feasibility
study undertaken for the Alr Force and NASA. Divisional work on pro-
pulsion for Minuteman 11 also met s objectives as the first advanced
model of the solid ICBM was successfully flown in Scptember.

Thrust augmented Thor in flight. One of the most dramatic applica-
tions of the Huntsvills Division's XM 33 solid mator i3 high booster effect
for the Thoe launch ochicle sthown here as it jetiisonas its thres strapped-
on solids. Hunstoille has loaded 471 XM33 motors, many of which hove
alreody been successfully test flown, ninsty-two during 1984, inchuding
eight Scout vehicle launchings used for orbiting antellites and for re-
eniry studics, and the first overiand Liunches of Athena.
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zation was effected at the beginning of this year. It is
hoped that these changes will enable Panelyte to operate
on a profitable basis.

The Logan Division continues to make progress in de-
veloping and marketing lightweight tracked vehicles. It
has expanded further into the commercial fickl and future
prospects are encouraging,

The Bristol Division has expanded operations into the
clectro-accoustical field for the Military with encouraging
results.

Several years ago the Company initiated the develop-
ment of a lightweight, compact diesel engine—Dynastar.
While the basic work has been completed and a number
of engines have been built and successfully tested, fur-
ther operational testing is required. During the past few
months engineering effort on this program has heen con-
ducted on a reduced basis, pending completion of a com-
prehensive re-evaluation of the potential market for this
engine. The results of this market survey will not be known
until later this year and will, to a large degree, determine
the future of this program.

During the year, the Company spent $13,324,753 for
new plant and equipment. This was offset in part by
$6,244,976 charged for depreciation on facilities in ex-
istence.

Employment at the year-end was 9,580 compared to
13,277 a year earlier. The principal reduction in employ-
ment was at Rocket Operations with a 31% decrease in
personnel. " .

The losses incurred last year have heen climinated or
brought under control. These savings, coupled with in-
creased efficiency and cost reduction programs, should
improve the results of operations in future years.

The Directors on October_ 26, 1964 declared a four per-
cent stock dividend payable December 9, 1964 to stock-

holders of record Novembher 9, 1964. .

K{ (/(/\/tz{,fc Ac

o mded

At their meeting on june 30, 1964, the Board of Direc-
tors elected Mr. J. W. Croshy as Chairman of the Board
and Chief Executive Officer. Dr. H. W. Ritchey, f()nneﬂy
Fxecutive Vice President, was named President and R. E.
Davis, C. . Hunter, R. L. Marquardt and ¥. W. Wilson

were clected Vice Presidents.

I(c.\p(:(:lfnlly submitted,

W,

Hlarold W. l(itchcy,7 Josepl W. Croshy, /

President Chairman of the Board of Dircetors

Dr. H.W.Ritchey (left) and Mr. ]. W. Crosby standing in front of
nozzle of 156-inch solid rocket motor before successful test firing of

space houster at Brunswick, Ceorgla. ‘
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A REVIEW OF OPERATIONS

ASTRO-MEL DIVISION, OGDIN, U'f Al

Astro Mot conduching rescarclh desyclopimwenn and produc e aework
o sounding rocker velddes i ludimg pay load imstrimeatation fod use
upper atimosphene pescarch Parchiasers of these vehocles e Jodde the
Atonne Focrpy Conmpssion. NAS A uoncrsities aud pome contta o

The Divesion provides associated anadyncal and Lisnch services foe
s customers and s o domg substantial work lor the Delense Ao
Support Agency i the prodaction ot Bsonchers for soanding tock et

ELKTON DIVISION, ELKTON, MARYLAND

Retrograde rockets produced by Elkton continued 10 serve as “space
brakes™ for our orbiting astronauts. One such motlor made by Elkton will
also be used as the prime braking system for the Surveyor spacecraft, pro-
grammed for asoft landing on the moon this year. Contracts were reccived
in 1965 for modification of the Surveyor retro motor for use in the Air
Force Buracer I and NASA improved Delta progamns.

Development effort includes work on improved aircrall seal cjection
systems, ordnance devices, Apollo Tower Jettison motor, and limited
warfare devices for the Army and Air Forcee.

Production continucd on motors for Subroc, the anti-subimarine mis-
sile, and on virious off-the-shelf rocket motars such as Recruitand Apache.

in the arca of advanced technology, Elkion is working on improved
gas generator propellants and high-performance oxidizers and fuels.

HUNTSVILLE DIVISION, ININTSVILLE, ALABAMA

Development was initiated for an improved Zeus propulsion system
under the Nike X ballistic missile defense program. ‘The Division is also
developing air-avgmented propubsion systems under contract with the
Air Force. These hold great promise for advanced tactical missiles,

Work  progressed on controllable solid  propellant matars, high
energy propellants and arca defense propulsion systems.

Motors for launch vehicles such as Atheni, Scout, and Thrust Aug-
wented Thor are stll being supplied.

¢00 AMH

TONGHORN DIVISION, MARSHALL, TEXAS

Phere was o sivmihcant inceeine doning the year s the pradoction
ol peoetes b devees and atlomeaiig fhoes and shedly Barthics mereane
e it ot atems s anticipated o 19600 Producbon of motos

For Secrcant Perdinng ad Nke Hercates contmued

FEAC IO MOTORS DIVISION, DENVEELL NI JERSEY

A conteadt tor o magor development progean ot the €1 Common
Eagme wis eceived from NASA - This enpine i planned ton use
Advanced Apollo applications. Fealso has potentul ase i curent NASA
and Air Force progrims.

The Division produced its 40,000th Bullpup cupme this year oo
duction of packaged Hguid propelfamt engines for use by the Navy and An
Force in Bullpup missites will continae throughoat 1906,

The Surveyor vernice engines were qualificd during the year Thes:
will steer the Junar spacecraft, maintain is attitude, and control is rate
of descent to the moon's surface.

The Division is providing equipment for attande test facibinies asso
clated wih the Apollo and Nerva progrims. ]

Explorutory programs progeessed on peepachaged hgund soand space
propuision systems, componemts, materiats and high-cuergy propetlanis
to meet the more stringent demiands of future |5mpulsinn requirements.

WASATCH IIVISION, BRIGHAM CEVY (ran

Wasatch continued production of motors lor the first stage ol the
Minuteman IF missile.

A contnact o demonstrie o 1Se-inch diancter motor utilizing i
fiberplass filament-wound case was received as a follow-on 1o the 1904
clfort winch colminated in the successful tining of 4 million and o half
pound thrust motor. The demonstration motor ander the curient progeiin
will be fived i the hist halt of 1966,

‘The avid of i contreact to Hercles Powder Company and Flnokol

tor development of thie first stape of the Poseidon misstle wis announced
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during the year Posadon, an advanced lect balbistic misabe o todlow on
to Polars

Development work contmucd o advanced s calblc ez e dgond
mjection and hot pas thiost vedor contiol ssatems centrolbabde sohd
rocker motors applicabde tooa nesw strategpae sthe msale g stengeth

fiberglass cases and hagh cacigy propellams

SPACL BOOSTER DIVISION, BRUNSWICK, GFORGHA

In February, 1965w ESo-inch diameter motor gencratmg 3 inlhon
pounds of thrust was successfully tested. At that time, 1t was the Largest
solid propetlant motor ever bied i the firee world. tn June, the program
was terminated by NASA since sufficient funding was not available to con-
tinue, following the failure of the first 260-inch diameter case during
hydrostatic proot testing. ‘There is no evidence that there will be adequate
funding in the immediate future. Although it is our belicf that there is great
economic advantage in using large solid boosters for many applications,
it appears at this time that the market will not materialize for a period of
several ycars.

The space boosier plant his been placed ina stand-by status pending
the ontcome of efforts to find other work suitable to the particular capabili-
ties of the facilitics and location.

CHEMICAL DIVISION, TRENTON, NEW JERSEY;
MOSS POINT, MISSISSIPPL
Through its research and development efforts over the past scveral
years, the Chemical Division has greatly expanded its technojogical capa-
bilitics. product lines and marketing opportunities. New acrylaie and
urcthane polymers were developed for special mackets and are now adding
appreciably to sales. These successful elforts achieved in 1965 o 15%
increase in sales and in profits, despite greatly inceeased rescinch and
development expenses as well as price reductions on some products.
Research has yielded a new high performance engineering industrial
plastic, THIOLON® which is now in pilat plam production. In addition,
several new fluorocarbon polymers are now in advanced stages of develop

PLYPT 200 zuy
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meent A new plantis ander construchion at omr Moss Pamt focaton o the
production of these polviners

Lo d9a b o Mankenmye Center was ostablinhicd i the Ticnon aaca
L dons b bec e ad Seevice Tancbon swas enbirpyed and moved 1o o
conter bor nnprencd sappont of sabes and peodoct development Rescaich
and A vek i ni Lacthiies were aliost doabiled i 1963

Demand tor oo Bigund podymcrs o apphications s scalams i the
antomotne aid banbding industies renvmed hone wah some possible
expansion anticpidedan the commyg year. Currentrechmead and nmarkcting
efforts ure directed towand the mass manket for sealants, high petlonmance
spandey amd plastic dibers. hugh tcmperatuce plastios, and speciidty e
lizers. These are all expanding market arcas which should cnable the
Division (o bioaden its business base and maintain its growth rate.

DYNASTAR LABORATORIES, DOVER, NEW JERSEY

Development work is progressing satisfactorily on the Dynastar
lightweipht diesel and spark ignition engines. The liest prototype 100-
horsepower unit has been installed ona U, S Coast Guard vessel and iy now
undergoing held tnals. Pedormance of the engine has thus far been exeel-

lent. Engines are also being evaluated for industrial applications.

HUMETRICS DIVISION, TOS ANGELES, CALIFORNIA

The Humetries Division is continmng development work ona tomly
of medical-clectronic instruments which can be used by cither techniciany
or physicians in the detection of physiological abnormalities.

One of these instruments, the PhonoCiardioScan, i heartsound screen-
ing device, has aroused considerable interest. The Chucago Heant Associa-
tion is currently employing the insteiment in a screcimg test ol 16,000
school childeen i order 1o identify those who have heart abnonmalitics
requiring professional medical altention,

In MLrch, 1966, an agrecment was signed whereby Bechiman bnsiig
ments, Ine o a deader me the medicat-clectronic ficld, wall marker the

PhonoCardioSean and related items of equipmznt manutactured by the

Humcetries Division,
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TIHOKOL CLHEATCAL CORPORATION AND SEHBSIDEARIES

omvolidated Statement of ( uliilu/ i lixeess of Par Ve

o the Years B90s and 1901

[RE I 160

Bl e at bornomme of sea SALOGu ANy o LS s

1acess of marhet sabue over pan value of 216,578

2640, 583

shares paid as 470 stock dividend in 1964

$43. 000,383

Balance at cad ol yow

See notes o financiad vtatesienis

00 Zxmy

NOTES TO FINANCIAL STATEMENTS

Nore 1 Coes apphoable o cost phiscived o sncontne fee contradds and soboontac
e b e Ceasnrnment ok gt peviess aid thie ol which oftimeately sl be

sonnbscd Toe o sebstanted porion of soch costs has ot ver beea hinadly detenmamed

bon e v contta s and sabccoteac s waitle Geoserient depariiocats e sab
b ondor e e b v bt tedeternraations st these sdepattoas iy oo
ood et ot vt obbor o e Sla sabgect oo otdien
sk the b Core Ve N pebabeny toboned s were eoquiied ot

b ot e be et o e ded dh s rcioreds wlinc o s B ads oo Geos vt

et ot b o o asdet reae et shion e sy i b st s o
o bt bt chone b ecitnban bk o cesteounder Cost plus Bvcd e ameenting coc oy ol
e sttt e sl ase a o CHecr onmconns ol ik peeabicn s e
thtcaeh Decombor VE e )

Aoty capedod on cont phus Baed on oentn e bee conrtaa b ad selaconnacr
by aotiapated reombursable averheads cand teest bt not talled bave been iclinde.d m

sades g an wmoonty recen able on UL S Government contiadts and subcandracis

Neooy 20 Toventones of UE S Gowvertnend contracts ad sobcontiacts are vadodd ot b
lower ot chaccimulaied cosis (matennd, labor wid overbead apphicable 1o cach conteacty
less ahe estrited v erage costs aver the hte of cach contract of atems delivae ted o £2) osa
nrated net teadization where dosses arc anticipated | e each case after deduction of viapphicd
progress pavienis gcceved. AL Pecember 31, 1965 such sapphicd progioss paymaens

totalled »8.357 46/

Noar 3 On laee 31905 the Company was notiticil that the contcact ton the naonlacuae
armd test ol the 2607 space booster enges at s Hrunswick, Georgis lacility was termiated
s enhisely tor the comvemence of the Gosernmen). “Fhis contrack comprned essentally
all ot the operations o this Laaibty sice the conmcnceiment ol operations a cialy 1968
Lhe net boak valie of this taailiy ot December Vi, 1965 o appiovmiately 38000000 o1
which Y ENSOO0D represents the onginal purchase price ot the Lad The Company
vigorosshy pursiing the use of arge solul tucl rocket engines Lon space apphcations
addition o vanons altcenative programs: iowever, itos 0ot kinsen at this e, what, o

iy progeanis e or sl be avardable (o otz this tacility

Notr 4 Inchebed mather assers a Decomber 3108965 8 312100060 cepresenting cond
weateed Jac coponcenng devctopaient work duanng the pist v years on the Bt
dicsel cngne proveaon The aeoovery of the devclopment st depainds oosales ol 1he
tosolting prodoct 10 s the Campain's stenon o amothize these cosin by liges o
e v e ashort peod ot yeads st revenues prodoced By thos activine Although

Lapement expects Tootecovar this anvestmcat and reabize s prolit, s neay not ocoue
! ] .
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Tot sonte e andd s apossidile s s me o be cortam that the it roahiz on

on s progean will cxcecd or equiad the developient costs alicady mouned

«

Noe S The Joan agreements poovade thiat the 3' 2 %0 prominsony notes e due e Yo
snoual mstalimienis brom Jaly 1S 1966 10 1973 and aba provade bor aplioaad 33000000 40
aual prepavments Fhe loan sgrecments ot the payment o divideandad othior disteba
Bon o account ol stock ader cetton crncomstances A Decembor S T0S o )

these testnictions appiv

Nevte 60 On Apnd 27 00y ahe st bhoddoes appeesad o Stk Gt heonte s Pl

vnder swlicch 329 032 shoaos ol the anthorezed ot anssoed capaad stoce warc el ool

able Lor e 1o athicers and other bey cmplonces aaprice nea bes shoaihe Eonr i akb

1 ol the shares at the time the options are granted Phe optons e bve voas Tiem
the date ol grant and wre exercnable to the extent ot 2 af the 1ot aumbeor ot shares
ay of cach anmvarsany dute ol the granting ol the aptions The shares imaeadly inade wvald-
shle for pranting of options wider thes Plan consist cotirchy of 1he shares previonsh
reserved under the ol restrcted Stock Option Plan.

Options ooistanding a1 December V1965 whach were issoed oander the old nestneted
Stack Option Plan approved in 1951 and amended in 1960 and 1963, expire five ycars altes
grant amd beomne exesciable saiably i the fise years succeeding the year of grint Noadh.
tional optioas are o be granted under this Plan and the finid oprion expires in April, 1968

Shares reserved tor geanting under these plins amouaiced 1o 25,630 at Decanber 3,
1965 and 83,630 a1 December 31, 1964,

The sumiary ol stack aphion i

sactions durig the year is as tollows:

Options outstanding ot December 31, 19604 . L 35,722
Options gramted .00 o 87100
Options cancelled Lo e N LR LT

Options ontstmding ot December M %65 0 00 0 0 94,7322

Options oatstanding at December 31, 1965 waie as tollows:

A 326 25 per shate expining on varying daies

from NMay 966 10 May 1967 ... .. ... ... .. .. .. 0,510
ALS2E T4 pershage expinmg by Apnl 1008 © o0 L 1.002
AL SELTS per share exping by bane 1970 . R h7|l)(l

94722

Phere were abso sin additionad aptions for o total af 6,000 shires at 313 85 per share,
expiing on June 281970, ouistanding at December 31, 1965 FPhese oprions were granted
1o members of the Techmead Advisory Board pursiant 1o action of the Board ol Dirccton

and subject 1o approval ol the stochholilers at the Aprid 1966 Annuul Meching.

9LvYT <C¢00 AMY

RIPORL O CERITHHD PUBHIC NVCCOUNTANTS

THE BUAHID O DERECTORS AND STOCKNHOL LIS
THIOKOL ( HFMITTUAL CORPORAT TON

woeo have exambned the accompanying consolidaled balance
sheet ol ‘Thiokol (headcal Corporation and Ssubsidiaries at
Deceaber 31, 1965 and the related consolidated statements of
income and retaincd carntngs and capttal in excess of par value
and the consolidated statement ot source and application of
funds for the year then ended. Our examination was made 1n
accordance with generally accepted auditing standards, and
accordingly included such tests of the accounting records amd
such other auditing procedures as we considered ncecessary in
the circuemstances. It was not practicable to contirm amounts
receivable on U, S. Government contracts and subcontracts, but
we satisficd ourselves as to their substantial accuracy by other
means.

In our opinton, subject to the tuture operations ol
the Rrunswick, Georgia tactlity as discussed in Note 3 and the
recovery of the deterred enginecring development cost referred
to 1n Note 4, the statements mentioned above present fairty the
consolidated tinancial position of Thiokol Chemical Corporation
and subsidiaries at December 3], 1965 and the consolidated resulis
of their operations and the source and application of their tunds
for the year then ended, 1n conformity wath generally accepted
accountang principles applted on a basis conststent with that of
the preceding ycear,

//O\/(/(«‘/ ?9u v\; [4 /c;nyua y.y

February 18, 1300
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REACTION MOTORS DIVISION, DENVILLE, NEW JERSLY

Reaction Motors celebrated s awenty-hfth anniversary in 1966.
It was also the tenth anniversary year of the powerplant for the X-15
research aircraft, which continues (o set speed records for manncd at-
mosphenic fhght.

The Division reccived a contract from North American Aviation,
Inc., for development of an advanced packaged liguid engine 1o power
Condor, a new Navy air-to-surface missile. Production continued on pick-
aged liquid rocket engines for the Bullpup air-to-sutface missile. In the
area of space propulsion technology, developimment is proceeding on the
C-1 Radiamic engine, a compact, mulii-purpose engine designed for use
in spacecraft attitude control and maneuvering systems. En i refated space
propulsion accomplishment, vernier engines built by Rceaction Motors
provided the power for attitude and velocity control aboard the successful
Surveyor | spaccerafl,

WASATCH DIVISION, BRIGHAM CITY, UTAH

Production of Minutcman finst stage motors and development of
the tirst stage ol Poscidon continued. Both programs have production
schedules extending into the 1970°s.

Two major test tirings advanced our position in karge solid propellant
boosters. Under contract with the Air Foree, a 120-inch diameter motor,
developed and tested by Thiokol, demonstrated a high performance
propellant systein. A 156-inch diamcter motor utilizing a fiber glass rein-
forced plastic case was successfully tested as a potential stage for future
launch systems. Contracts were received from the Air Foree for additional
work in devetopment of technologics for Luge solid boosters including
thrust vector control sysiems.

CHEMICAL

CHit e Al Ot RATIIORS
TeE MNTON NEW JERSE Y
ANOISGS POIIT, MISSISSIH?) .
COVEHTRY ENGLAND
HURLINGTON, CANADA

The year was mirhed by record agh production levels i ncady all
product hines. The production increases, aided by continued improve
ment o manufactunng efticiency, more than ollset the ellects ol price
reduchions. .

In building construction, the use of 1.1 polysulfide base scalauts
incecased in joint sealing and weatherproofing applications. Use of com-
pounds in the heavy construction areas —airhiclds, highways, water-carry
g structures —-also showed active growtii, duc mainly 10 new products
developed by the Division's Technical Scrvice and Development
Faboratories.

Contributing heavily to sales was the use in the automotive, mirine
amd osiginal equipment nunkets of products based on Thiokol's poty-
mers and synthetic subbers. These ranged in application froms inomonve
windshield scalants and transmission seals to abrasion-resistant indis-
tnial rollers.

Siles of specialty synthetic clastomers and plasticizers to thie tubbr
industry also increased. The growing variety of applications tor the new
urcthane and polyacrylide rabbers promises continuing growth in that
market.

Export sales crcased 259 during the year. A high level of con
struction activity in the United Kingdom, Eorope, Canadi, Japan and
aother pants of the world, coupled with the iscreasing use of 1P poly-
sullide based building seabiants, was largely responsible fon this achieve
ment.

A new subsudiary, Thiokot Canadi Limited, was established dusing
the year 1o provide closer and more cflective contact with: Canadian
mankets.

Rescarch and developiment ona new engineering plastic and extrwded
spinndex fiber were carried to an advanced stage. Development work on
the fluorocarbon tesin hne has resulbted in new products and the establish-
meat of a new processing ol which began operations early in 1967,

\
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INDUSTRIAL

LOGAN DIVISION, LOGAN, UTAH

In 1966, 1 ogan mtroduced a0 new series 1o s bannly ol tiackad
vehicles for otf-the-road application. Called the JUGGERNANT™ v
hicle its madels range i carrying capacity from sia to thirty 1ons. Fypical
customers for these Jarge velucles are oil companies, clectrcal atihties,
and geophysical exploration groups.

With the addition of the JUGGLERNAUT™ vehicle, there ae cin
senily fourteen types in the Thiokol line. Designed for a vancty of per-
formance requirements, the vehicles are being used o transport men and
equipment over rough terrain, traverse swamps, groom snow slopes for
ski resorts, patrol wildlifc prescrves, service power lines and control
mosquitoes.

Sales of the overall line continued 10 grow both in the United Staes
and abroad. Foreign sales—mostly for use in Europe—accounted for
25% of the Division's revenues. New distributors, added to the domestic
tcam, contributed 1o improved sales.

Facilities were expanded and moderpized during the year Jor -
proved clliciency. Manufacturing aica and a new painting building were
added. Equipment added 1o the production dine climinated certain sub-
contracting work on component parls.

PANELYTE INDUSTRIAL DIVISION, TRENTON, NEW JERSEY

The use of automated cquipment, reductions in unit labor cosls, -
proved efficiency in the utilization of material and the introduction of a
new product line all contributed to a profitable operation in 1966, The new
product, ultra-thin copper-clad epoxy-liber glass Taminate, added signiti-
cantly 10 sales. Uhed to manufacture circunt boirds for miniaturized clee-
tronic applications, the material meeis rigid quality control specilications.

This quality laminate joins a broad line of paper, -canvas, linen,
glass or aylon cloth base Lkiminate matenials for general application in
the mechanical, clectrical and clectronic markets. The runge of properucs
offered by these itemis is as diverse as the base materials: structural
strength, nigidity, superior diclectric characteristics, good machinability,

t and water resistance, and dimensional stability.

Sales actvaty was accelerated on specidiy tabacation of componceats
trom Lomimated sheet, rod and tube and inventories of materials were
mantincd at levels which assared o more rapid response 1o customer
requuements. As o resplt of these steps. sales lost by discontinuing certain
unprofitable product tines have been recovered.

HUMETRICS DIVISION, LOS ANGELES, CALIFORNIA

The Humetrics Division is currently producing three medical clec
tronic instruments designed o aid physicians and o train medical stu-
dents in the detection of abnormalitics of the heart. Alter exteasive clinical
evaluation, one of these, the PhonoCardioScan™ mstrument, was approved
by the American Heart Association, the Chicago Heart Association and
the United States Public Healih Service as an acceptable mass screening
device for the carly detection of heart discase in childien, Additiona)
mstruments, advanced in concept, are now being developed as comple-
ments to the present tine. Clinical evaluation of these devices s expected
to continue in 1967.

DYNASTAR LABORATORIES, DOVER, NEW JERSEY

1966 marked completion of the major portion of the developaent
of the 10O hp. Dynastar™ diesel engine. A quantity ol prepraduction pro-
totypes is being manufactured for field service testing. Performance of the
™ engine has aroused considerable inter-

compict, light-weight Dy
est, especially for magine, electro gencrator, and ather industeial applica
tions s well as for miliary use.

Experimental cogines are currenily in operational tials with 1he
Coast Guard and the Navy, with another scheduled for delivery 1o the
Air Force. The Coast Guard engine has been m successtul operation in
a new design boat for over a year.

In 1966, the Company adopied the policy of clurging 1o curent
aperations all expenditares in connection with the developnient of the

Dynastut™ diesel engine ba prior yeirs, such costs 0 defenied




T i'kif:jg_' C
-«‘ p! '..:' b

PHFMIEAT FRBRORATIN

:h.




T'he Widening World of "Thiokol

Fost stage motons
Jou Lo
sbrategre detcrronts

Liquid and
soltd propidson
Jor space

1817‘00 AMd

DEFENSE AND SPACE

Lhsder new e comtimune, contiacts the Nanospee
v vions contnboted sigmibicantly to vod vodicaoy and
Wational NP PO

Wonk on the Luage taa v

W prepabaon systenn

ton dhe Mbsatennin and Poscrdon mssiles pooceaded on

shedale, Munteman s the naeen’s g operanional

Lt based stiategie deterient weapeons Posaadon i the
secomd generation Heer Lalhsie mssile which wall he
cannied by the Polanis subnenines when developrient
iy completed.

The Company wis seleaed 1o devedop the vocker
motors for the U.S. Armny's new sinlace-toan delensive
unssile. SAM D Production was senewed on the sustainer
motors for the Army’s Nike Hacules Mitiaiaaft missile
and contivned for the Navy Subioc antisubimaine mis-
sile. The Depmtment of Detense in 1967 announced o
timited deployment of the Sentinel antiballistic missile
system in which “Thiokol will participate thioagh devel-
opmentand production of the Spatan missile propulsion
system. These eflonts further strengthen the Company’s
ahicady snong position in defemsive missile propulsion.

The l’cquilcnlculk of the Victnany wa shaply in-

areased production ol pyvoteclmic and ovdnance devices.
Development i demonstration of improved ilami-
nants was also initined.

I the space program, Thiokal provided the pro-
pulsion velability and precision cequined tor several
important missions. Bods the hguid propetlant atioide
contol cngines and solidd propellant “bhiaking” vetro
vockets were supplicd for all the Suvveyor Highe, an
unminned lona linding progiam Tailed by the press
as “perhaps the greatest eechnological achicyvement ol the
space age.”

Thiokol helped wan move closer 1o a tanding on
the moon with the suceessfol Lumcvol the Apollo /Satarn
vehidke, Fifteen ol the Company’s solid propeltant vech et
notory were ll.\('(l to l('||i.\1)ll l'Hf (Y ;II)(' tower, 5(").““]“'
velidde stages and foree iquid propetlans o e mag

enpgmes duving thghe

Technology jon
advanced fpnopulvion
syslen

Products fon
ool
design and
prodicction

Pronloction of solud proopellan Castor ol sphenicat
Voo s was santeied e hagh devel for amncieaang
nihioy o e A vt voh bes soech as Sconn, Ao,
Fheust Yeegmcnced Phors Phose Nageoned 1 Haand
Baroer 11

Fhe Conpuay s Cnuiiomentad measiremen v
Faliny was boosdoned davig the yeae by porchuse of the
Hy Lol produce hoe These ydeological amnstinionts,
otginadly Geated o momior watey and show conditions
mremote areas, e abo bemg adapred o grovide data
o water pollution fevels, Thing vehicles and scieniili
pyloads developed by the Company dov anmosphien

1Itoeses oy

resceanch, Flhaokol pesonned conducred iy
NASA both in dos conntry anud alnowd.

Signihcant developmens duning the year andchaded
static test finings of 120 nch and Tt anch diametey solul
propellnt socker motors with avaneed thraste vedior
control systems, binther testng ol both Tigaic and solul
airaugmented vocker propalsion systems amd denion
steations of a controlbable Vst tstop sttt solid propel
lant menor. Several R ED connacts were received 1o
demonstiate propulbsion capabilities apphcable o Mal-
tiple lndependent Reenny Velieles (MIRVYS)

A new chintomer, cnboxy minnoso vahber, advaneed
from the Liboratory o hmiced production. This elas
LOEL POSSEISCS BTty destable properties sach s o
strnding chemical tesnimce, serviceabnlity over awide
temperature vange, excellentabrasion vesistnee and non
avmabnbiny ma 1004 oxygen amosphere.

TRANSPORTATION EQUIPMENT AND MATERIALS
Prodicts of the Company hlled @ vaiety o customes
requinements in this hrowd naaker.

Amesicm antamotive nanabactarers sustallod wind
ields and rear windows with seabinis based o P
polysultide fiquid polyms. Design engieers staped
prototypes ol tomonow’s medels with the wad ol okl
1y compoeds tovmolded teom @ olymers Sup

l;lin.\ o ahe mdusty nnhizcd y tubbar
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motors were used for un increasing num-
ber of taunch and test vehicles such as
Scout, Athena, Delta, Thrust-Augmented
Delta, and Burner It. Thiokol reccived a
contract to develop and produce spheri-
cal motors for NASA’s Advanced Della
Vehicle, and the Castor IV motor was se-
lected for the Advanced Athena Velucle.
1Production of pyrutechaic and ordnance
items was mamtaned al a high devel
theoughout the year The 10 nnthonth round
of Mluminaling ammumbion was produced
as part of a continuing program flor the
Army. Several new illuminant devices were
also introduced.

! R.A McElvogue
' Genaeral Managed
Longhorn Division

H. A. Koch
Guneeal Manager
Reacnon Motors Division

J. M. Slone
Gaunaral Manager
Wasatch Division

{ 1Processing lechniques developed in the
manufacture of solid propellant rocket
molors and company-sponsored research
led to new business opportunities. Among
these were contracls from the Air Force
for the qualilication of two ncw flares;
from the Army, for the production of mili-
t micals; from the Atomic Energy

Conumission, for the Liberglas reintornce
ment of a 91-inch dumeter steel pape; and
for demonstration of improved mamhions
concepls, explosies, and materialy o
nonpropulsion applications

Other new Liusiness awards i lude tie
manufacture of valdves for the Titan HI
l.’lllll(ih vcluch:, JUOCCTGT L luln|h| nl (FH Y
turbine component, and propec biles and

gy e d o ft

the quabification of
pilot escape sy -lom
Comiple-ticn ol Illu- eyt Coadead
and the Bullpap packaged hgud cogone
production Late o 1907 oy vl as aoshap
drop m funding tor hqoid propulsion sys-
tems resulted i a very substanhial de-
crease in work levels at the Readction
Motors Division. Operations were consoli-
dated, personnel reduced, and additional
work secured, such as maclining of gas
turbine components and projectiles. Ef-
forts are continuing to inciease the utiliza-
tion of this facility.
(] Continuing advancement in tectnology
was demonstiated during the year. The
world's largest scginentcd fibeiglass mo-
tor case — 156 inches in diameter, spun
from over 34 million miles of fiberghass fita-
ment — performed successtully in o lest-
firing in Junc. The molor genernted in
excess of one midlion pounds of thrust in
the two-minute test. Other motor finings
confirmed a teclnological by eakthrough in
high burning rate solid propellants appli-
cable to Tuture delensive and offensive
systems. Fluid-controlled and dual cham-
ber solid propellant molars woere sucess-
fully tested, yielding valualile technology
applicable to Mullipte Independent Re-
entiy Vehicle (MIRV) propulsion systems.
A significant demonstiation of multiple
stop-start and thrust modalation of solid

propellant motors was also accomphshed.

These and other technical accomphish-
ments achicved duiing the year strengthen
the company's ability 1o paticipate i
tuture acraspace busincss.

\ I
v . H

Kinahc studies ol 8I0MIC SpaCius i
tymedl ol coounued  Aerospaca (o
Serareh Ll development acbivilies

Packagud o LUPT Jubes  Compheeg Hetul propellant motors tor Pershing
tounds af Humeoaling amomindaon e Wi sengetatt anesibes travel Conveyor
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EX BT NO

\4-

AETNA CASUALTY & SURETY COMPANY

. BOLICY NO.

9300
11000
13600
16000
18400
20700
23600

027300
119000
121380
124200
125900
128010
131050
133066
133113
243539
243599
2477217
251339

1451

1500
55442

237659

4900

5310

6841

9019
11316
13760
16223
18031

019651
021787
099572
102386

A S A A A S S R A S S A A S A 4 13332

RRY

RRY

RRY

RRY

SR(Y)
SR(Y)
SR(Y)
SR(Y)
SR (Y)
SR(Y)
SR(Y)
SR(Y)
SRA(Y)
SRA(Y)
SRA(Y)
SRA(Y)

SR(Y)
SR(Y)
SR(Y)
SR(Y)
SR(Y)
SR(Y)

DATES OF COVERAGE

59/01/01-60/01/01
60/01/01-61/01/01
61/01/01-62/01/01
62/01/01-63/01/01
63/01/01-64/01/01
64/01/01-65/01/01
65/01/01-66/01/01
66/01/01-67/01/01
67/01/01-68/01/01
68/01/01-69/01/01
69/01/01-70/01/01
70/01/01-71/01/01
71/01/01-72/05/01
72/05/01-73/05/01
73/05/01-74/05/01
74/05/01-75/05/01
75/05/01-76/05/01
76/05/01-77/05/01
77/05/01-78/05/01
78/05/01-79/05/01

. 79/05/01-80/05/01

80/05/01-81/05/01
81/05/01-82/05/01
82/05/01-83/05/01
$7/09/01-58/09/01

. 58/09/01-59/09/01

59/09/01-60/09/01
60/09/01-61/09/01
61/09/01-62/09/01
62/09/01-63/09/01
63/09/01-64/09/01
64/09/01-65/09/01
65/09/01-66/09/01
66/09/01-67/09/01
67/09/01-68/09/01
68/09/01-69/09/01




EXHAB T No &

CONTINENTAL CASUALTY COMPANY

POLICY NO.

CcCpP
CCp
Cccp
CCP
CccP

RDU
RDU
RDU
RDU
RDU

743
854
903
988
248

997
997
997
805
975

65
96
29
o8
32

76
78
79
26
93

24R
74R
22R
86R
47

52
11
71
27
35

DATES OF COVERAGE

69/09/01-70/09/01
70/09/01-72/03/01
72/03/01-74/03/01
74/03/01-76/03/31
76/03/31-78/03/31

60/04/04-63/01/01
63/01/01-66/01/01
66/01/01-72/01/01
72/01/01-73/05/01
73/05/01-74/05/01
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INTERNATIONAL‘INSURANCE COMPANY

DATES OF COVERAGE

POLICY NO.
S40 310627 8 81/03/31-83/03/31
83/03/31-86/03/31

540 310690 8
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EXxrp T NO- Ar

e GFRA2 NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION Poga 1 ot 4
. DIVISION OF WASTE MANAGEMENT
HAZARDOUS SITE MITIGATION ADMINISTRATION
DUREAU OF INDUSTIUAL SETE EVALUATION

ENVIRONMENTAL CLEANUP RESFONSIBOITY ACT (ECRA)

DINITIAL NOTICE

' -~ . AFPLICATION FOR ECRA REVIEW

STTE EVALUATION SUBMISSION (SES)

This is the second part of a two-part application submittal and must be submirted within 30 days following public
release of the decision to close operations or execution of an agreernent of sale or option to purchase.

pate __Novemrer 11,1485

NAME OF INDUSTRIAL ESTABLISEMENT _MASDEN INDUSTRIES

ADDRESS Corner Stickle Avenue & Elm Street
OR TOWN Rockaway ‘ 71 CODE 07866
WLNICT Rockaway Boro COUNTY Morris

NAME OF PROPERTY OWNER _Joseph 5. Klockner

FIRM: KLOCKNER & KLOCKNER -
ADDRESS: 164 Franklin Avenue 1?
CTTY OR TOWN: Rockaway ' 77 cope: 07866

'\J\mmct? ALITY Rockaway COUNTY Marris

SUBMIT THE QRIGINAL PLUS TWO COPIES OF THE FOLLOWING:
(NOTE. ITEM FOURTEEN (14) REQUIRES THREE COPIES)

S. A scaled site map ideatifying all areas where hazardous substances ot wastes have beea or curseatly are
generated. manufactured. refined. transported, wreated, stored, handled or disposed. above or below ground.
IS THIS MAP ENCLOSED? T YES (SmaAppmdino_l ) INO

10. A derajled description of the most recent operations aad proecesses at the industrial eszablishment organized
in the form of a narrative report degigned to fguide the Departmeant ssep-by<siep through a plant evajuauon.
with particuir emphasis on arens of the proeess sireum where haznrdous substances and wagtes are generated.
manufactured. refined. transpored, treated. stored. handled or disposed on site. above or below ground.

Also identify any floor draing with their points of dischamye. septic systems if applicsble. sespage pits and
drv wells. Please note that establishments whieh ceased production prior to December 31. 1983, but are
subject to ECRA beeauge of ongoing storage beyond that date, must provide details on past operations.

IS THIS REPORT ENCLOSED? KN YES (Sse appenaix o_1__y = NO

IF YOU HAVE CHECKED “NO~. STATE THE REASON(S):

3

¢00 AMdA
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Page 2 0t &

11. A A descnipuon of the fypes. age (installation date). construcuon material. Capacity, CONtents. and locauons
of storage vessels, surface impoundments, landfills, or other types of storage facilities. inciuding dre
storage, contaming hazardous substances or wasgges.

ARE THESE FACILITIES [DENTIFIED ON YOUR SITE MAP OR DESCRIBED IN A NARRATIVE REPORT"
BYYES (See Appenaix @ _3.) TNO

)

J

IF YOU HAVE CHECKED “NO", STATE THE REASON(S):

B. Thewntegnty of all ynderground tanks which contain hazardous wastes or substances mus: be vemiies.
This may be accomplished 1n one of several ways: a) Performance of a satisfactory leak tes: in con-
formance with Criterion 329 of the Nauonal Fire Protection Association. or; b) Performance of
subsurface soil investiganon (sol bonngs and analysis), or: ¢) Excavate and remove the tank and

establish the abseace of ccntarmunaticn. or; d) other methods approved by the NJDEP.

THE RESULTS OF THE LEAK DETECTION TEST OR THE SUBSURFACE INVESTICATION ENCLOSED?
T2 YES  (See Appendix = _%;,_) = NO

IF YOU HAVE CHECK “NO". STATE THE REASON(S):

‘Bﬂ.

12. A complete inventory of hazardous substances and wastes, including descaiption and locations of all hazardous .
substances or wastes generated. manufacrured, refined. transported, treated. stored. handled or disposed on
site. above and beiow ground. and a description of the location, types and quantities or hazardous subsiances
and wastes that will remain on ute. (Attacl additional sheets if necessary.) Review NJ.A.C. 7:1E. Appendix
A and N.J.AC. 7:26-8 prior 10 completing to easure that all defined hazardous marenials are included.

MATERIAL | qQuawTrTY | LOCATION | STORAGE METHOD gfé??ﬁ%“
. . - e Or Na)
, Ares . -
Methanol !55 gal HEﬁS gormingg, |SS-ga] drum No *
Area 7 ;
Methylene Chloride \55-100 gaT‘Tubg Filling |55-ga1 drum ‘No *
Area 8 |
Trichlorethylene %549a1 Bulb Sealina lss-ggl drum ‘No *

| | | i
| | |

|
| |
| | |
| |
| | o
| |

6?1 ¢00 AMY
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Page Jot 4

13. A. A detaied descripuon. date and locauon on a scaled map of any known spill or discharge of hazardous

)

substances or wastes that occurred duning the historical operation of the site and a detailed description of
any remedial acuons undertaken to handie any spill or discharge of hazardous substances or wastes.
(Artach additional sheets if necessary.) .

IS THIS INFORMATION ENCLOSED? D YES  (See Appenaix @ 1) O3 NO

IF YOU HAVE CHECKED “NO", STATE THE REASON(S):

ARE THE SPILLS IDENTIFIED ABOVE INDICATED ON 'DE SCALED SITE MAP” F YES ZNO

IF YOU HAVE CHECKED “NC", STATE THE REASON(S):

If"this faciliry has an approved Spill .P—:vennon Control and Countermeasure Plan (SPCQ). enciose a cop)'
wath thus subrmirtal

IS YOUR SPCC PLAN ENCLOSED? — YES  (See Appehd:’x - __;)
&2 NO. this facility is aot required to have an SPCC plan

A deraiied sampling or cther environmental evaluanon measurement plan which includes proposec soil.
groundwater. surface water, surtace water sediment. and air sampling determined appropnate for the
site. (This sampling plan must be developed in conformance with ECRA Regulations N.J.AC. 7:1-3.14
1 seq., and Quality Assurance Guidelines as deveioped by DEP)

ARE THREE COPIES OF THE SAMPLING PLAN ENCLOSZD? & YES (See Appercix # )
S No :

IF YOU HAVE CHECKED “NO”, STATE THE REASON(S):

[f the sampling plan includes groundwater sampling and/or the installation of monitoring wells. the
applicant mus: compiete a “Request for Hydrogeoiogic Assessment” form (blank form attachz2).

1S GROUNDWATER SAMPLING PROPOSED? — YES 2 NO

AMY

1S THE “REQUEST FOR HYDROGEOLOGIC ASSESSMENT™ FORM ATTACHED? = YES (See Appendix & )
‘ aNo

200
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" Page 4 ot 4

{F YOU HAVE CHECKED “NO", STATE THE REASON(S): The quantity of possible
fuel oil leakage and spills would have been small. Sampling

j proposed now cocvers the soils around the fuel 01} storage tanks,. ‘

LS. A detailed description of the procedures to be used to dezontaminate and/or desommission equipment and
buldings invoived with the generation. manufacture. refining, transportation, treatment, storage. hancung,
or disposal of hazardous wastes or substances including the name and location of the transporter. the
uitumate disposal facility, and any otner organizaucns invotved.

1S THE DETAILED DESCRIPTION ENCLOSED"  GrxYES  (See Appencix @ 1) ¥ NO

IF YOU BAVE CHECKED “NO™, STATE THE REASON(S):

16. Copies of all previous soul. groundwater and surTace water sampling results, including effluent quatiry mom-
tonng, conducted at the gte of the industrial establishment durmg the history of ownership/operauon by the
owner or operator. Also inciude a detaled descmiption of the location, collecuion, chain of custody. meth-
odology. analyses. laboratory, quality assurance/quality control proceduses, and other factors invoived in ’
preparation of the sampling resuits. ‘

ARE HISTORICAL RESULTS ENCLOSED? T YES  (See Appendix &) XXNO

IF YOU HAVE CHECKXED “NO™ STATE THE REASON(S): O
No sampling has been performed or required.

17. List any other information you are submuruing or which has been formally requested by this agency:

[ hereby certfy thar the informaton furnisned on this applicagion and any artackments is cue. [ am awee

«+ that false swearing is 2 crme (n this Stats. [ am cognizant that providing false informauon is a vioiation uncer
ECRA ard that I may be personally Liable fer penaities up to $25,000 per day.

Signarure
 Joseph S. Klockner
“Dare Name (Pnnt or Tvpe)

" Partner

Title
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MASDEN INDUSTRIES
ECRA Case #85551
Site Evaluation Submittal

APPENDIX 1

SITE MAP
The overall property is shown in Figure 1, Property Map.

Locations where hazardous substances are stored are shown in
Figure 2, Masden Industries Site Plan,

DETAILED DESCRIPTION OF OPERATIONS AND PROCESSES

Masden Industries manufactures Christmas tree lights and
specialized batteries and fuses in its 9600 sg ft portion of
the Klockner & Klockner building., The firm also uses the
adjacent outdoor paved area for storage and parking.

Three underground fuel 0il tanks are also included under
this Site Evaluation Submittal for the Masden Industries
industrial establishment. »

For purposes of this detailed description, Masden'g
operations are assigned area numbers as shown on the Sit

Plan, Figure 2. The operations conducted in each area are
described as follows: '

Area 1, Graphite Machining. Operations are drilling
and machining of graphite forms that are shipped in as raw
materials. There are no liquid process streams or floor
drains.

Area 2, Glass Powder Pressing. Operations are pressing
glass powder into pills. There are no liquid process
streams or floor drains.

Area 3, Glass Pill Oven,.is for heating glass pills to
fuse together the pressed particles., There are no liquid
process streams or floor drains.

Area 4, Machine Shop, is equipped with lathes, drill
presses and milling machines that use no lubricating fluids.
There are no liquid process streams or flow drains.

Area 5, wWire Forming operations are forming and cutting
wire from coils to form filaments. Lubricating oil is
occasionally used. 0il drips as may infrequently occur are
cleaned up with hand wipes that are disposed of as solid
waste. Methanol is occasionally used for cleaning,
approximately one 55-gallon drum per year. There are no
liquid process streams or floor drains.

7z

/
\
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Area»6, Heat Treatment & Glass Sealing. Electric ovens
are used to heat glass in an atmosphere of Ny, or Hy, or a

mixture of N, and Hy. There are no liquid process streams
or floor drains.

Area 7, Tube Filling. Glass tubes are filled with
methylene chloride, sugar and sodium metaphosphate. There
are no ligquid waste streams or floor drains. Occasional
drips are cleaned upwith hand wipes that are disposed of as
solid waste. One to two 55-gallon drums of methylene
chloride are maintained in this area.

Area 8, Bulb Sealing. Light bulbs are finished by heat
sealing using propane and oxygen burners. One S55-gallon
drum of trichlorethylene is maintained in this area for
cleaning the finished bulbs. Occasional drips are cleaned
up with hand wipes that are disposed of as solid waste.
There are no floor drains.

Area 9, Glass Ampules. A glass working machine uses
propane, H, and oxygen to form ampules that are filled with
fluoroboric acid as a battery electrolyte. One 5-gallon
container of acid is maintained in this area. Occasional
drips are cleaned up with hand wipes that are disposed of a
solid waste. There are no liquid waste streams and no floo;
drains.

Area 10, Shipping and Receiving. There are no ligquid
wastes or floor drains in this area.

Area 11, Quality Control. One 2-gallon container of
limonene is maintained as a refractive index standard for
quality control. Occasional drips are cleaned up with hand
wipes that are disposed of as solid waste. There are no
ligquid wastes or floor drains.

Area 12, Office. There are no process waste streams Or
floor drains in this area.

AMd
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MASDEN INDUSTRIES
ECRA Case $#85551
Site Evaluation Submittal

STORAGE FACILITIES DESCRIPTIONS

A. Descriptions ' -

Raw materials and cleaning chemicals are stored indoors, at
the production areas where the materials are used, as
described in Section 10.

Empty drums, €for return to the chemical suppliers, are
stored in a portion of the outdoor paved area north and east
of the building. The empty drum storage location is shown
on the Site Plan, Figure 2. No more than 4 to 6 empty drums
are allowed %o accumulate on site.

General sto:agé of used equipment is maintained in the paved
outdoor area east of the building occupied by Masden
Industries. This area is shown on the Site Plan, Figure 2.

Three underground $2 fuel o0il storage tanks are part of the
building's owner maintained central heating system tha

services other tenants, as well as Masden. As no sit

evaluation submittal is required for the central heating
system, the o1l storage tanks descriptions are presented
here, in the submittal for Masden Industries. The tanks are
as follows:

. Tank No. 1 Tank No. 2 Tank No. 3
Product Stored #2 0il 42 0il $2 0il
Capacity, gallons 1,000 5,000 1,000
Tank Construction Steel Steel’ Steel
Age Undéte:mined Undetermined Undetermined

Tank Top to Grade 24" 24" - 24"

Locations of the underground oil storage tanks are shown in
Figure 2, Site Plan.

B. Underground Tank Tests

The three underground o0il storage tanks were tested on
April 23, 1985, by Tank & Line Compliance using the Petro-
Tite method whereby a hydrostatic head is applied to a full
tank and indicated leakage is determined from change in
liquid level in the hydrostatic column.

¢00 xMY
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Based on National Fire Protection Association,Standard
329, Tank #1 was determined to be tight; Tank $2 showed
possible leakage of 0.115 to 0.215 gph; and Tank #3 showed
possible leakage of 0.020 to 0.121 gph.

Repair work consisting of replacement of a gasket on Tank $2

and piping repair at Tank #3 were performed. These tanks

were retested by Fairfield Maintenance, Inc., on May 10,
1985, using the Petro-Tite method. Tank #3 was fourd to be
tight and Tank $#2 to have a possible leakage in excess of
the National Fire Protection Association, Stardard 329.

Test report summaries by Tank & Line Compliance and by
Fairfield Maintenance, Inc.,, are included under Section 16,

hereinafter.

00
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13.

MASDEN INDUSTRIES
ECRA Case #85551
Site Evaluation Submittal

INVENTORY OF HAZARDOUS SUBSTANCES

See ECRA-2 Form.

DETAILED DESCRIPTION OF SPILLS OR DISCHARGES OF HAZARDOUS
SUBSTANCES OR WASTES

The only known or suspected spills or discharges are
associated with the underground storage tanks for No. 2 fuel
oil.

Tank $1 has been tested and found to be tight in accordance
with NFPA Standard 329, However, there has been evident
spillage of oil due to overfilling the tank, probably over a
number of years.

Tank #2 has been inactive, but full for four years since the
main boiler was converted to use gas., There has not been a
significant loss of oil from the tank in the four years that
it has been inactive. However, the tank tests performed in
April and May 1985 indicate possible leakage.

Tank #3 was found to have possibility for leakage when
tested in April 1985. After repairs to piping connections
were made the tank was tested in May 1985 and found to be
tight.

Locations of the underground tanks are shown in Figure 2.

<00 AmY
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EXrRiBT NO. 18

SAMPLING PLAN RESULTS
MASDEN INDUSTRIES
MULTIFORM METALS DIVISION
ECRA CASE #85551

Prepared for
KLOCRNER AND KLOCKNER, INC.

164 Franklin Avenue
Rockaway, New Jersey 07866

Prepared by

MORETRENCH ENVIRONMENTAL SERVICES, INC.

100 Stickle Avenue
Rockaway, New Jersey 07866

October 3, 1987
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EXECUTIVE SUMMARY

This report presents the results of sampling at the Klockner and
Klockner property located at the northeast corner of the
intersection of Stickle Avenue and Elm Street in the Borough of
Rockaway, Morris County, New Jersey. Sampling activities in
conformance with ECRA were undertaken in accordance with the
Revised Sampling Plan dated November 1986, prepared by Moretrench

Environmental Services, Inc. (MES) and approved by NJDEP.
The purpose of the sampling activities was to evaluate the
groundwater quality and to determine the integrity of an on-site

storm water conveyance system.

Six monitoring wells were -installed on-site. Three wells were

»shallow, installed to a depth of about 20 to 25 feet deep. Three

deeper wells were installed below a silt/clay layer, and screened

in the upper 10 feet of the lower aquifer zones.

Two rounds of groundwater sampling were conducted. The £first
sampling was performed on the six on-site wells, during the
period of 6/30/87 through 7/2/87. The second round of sampling
was performed during the period of 8/7/87 <through 8/10/87.
Included in-this round were two off-site NJIDEP wells, SAI-5 and
SAI-7,. which are upgradient and downgradient, respectively, of

the Klockner and Klockner site.

F.D. #64/KLOCKNER.110 1
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The analytical results from the two rounds of samplings indicate
that elevated levels of volatile organic compounds are present in

both the shallow and deeper groundwater zones beneath the site.

During. the c¢ourse of monitoring well installation a fifth
underground. tank was discovered. This tank was: removed and was
found to be in good condition. Post-excavation sampling verified

that the soils below the tank were clean.

The integrity of the catch basin system was tested and was found
to be leaking. Removal and cleanup of soils associated with the
storm water conveyance system will be addressed in the site

Cleanup Plan to be prepared.

Since this site is also included in a CERCLA (Superfund)
investigation, a meeting between all concerned parties to discuss

how the site groundwater contamination should be addressed under

- a Cleanup Plan is proposed.

F.D. $64/KLOCKNER.110 2

¢00 AMy

¢0sT



~

SAMPLING ACTIVITIES

INTRODUCTION

Moretrench Environmental Services (MES) has been retained by
Klockner and Klockner, Inc., to undertake the administrétive and
technical tasks associated with compliance with the Environmental
Cleanup Responsibility Act (ECRA) at the Klockner and Klockner
property located at the northeast corner of Stickle Avenue and
Elm Street, Rockaway Borough, Morris County, New Jersey.
Ground/Water Technology, Inc. (G/WT) which had prepared all past
technical documents associated Qith this ECRA case 1is an
affiliate company of MES. The location of the site is shown on

Figure 1.

Klockner and Klockner is owner and landlord of the property. The
site has been separated into two ECRA cases according to current
tenants: Masden Industries, Multiform Metals Division (ECRA Case
$85551), the subject of the revised sampling plan, and Service
Metal Fabricating (ECRA Case #85552).

Service Metal Fabricating was inspected dn 12/23/85. A letter
was received from NJDEP dated 1/6/86 authorizing submittal of a
Negative Declaratién for this(ccmpanyeh A Negative Declaration
has not yet been submitted since transfer of'th; property is
qontingeht upon an approved Cleanup Plan for the remainder of the

site.

F.D. #64/KLOCKNER.110 R
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The origingl sampling plan for Masden Industries was prepared aé
part of the Site Evaluation Submission, dated 11/11/85. The
original plan was revised on 12/3/85, after receipt of comments
from NJDEP-ISEE in a letter dated 11/21/85. That sampling plan
was implemented and four underground storage tanks (tanks #1, %2,
$3, and #4) were removed. Contaminated soils associated with.
those tanks were excavated and disposed of and post excavation
samples were collected to verify that soils remaining in place
were within acceptable cleanup guidelines. Results of the
implementation of the 12/3/85 sampling blan were presented in a

Revised Sampling Plan dated November 1986.

The purpose of that revised sampling plan waé to 1) present
G/WT's technical approach td investigate' the potential for
groundwater contamination resulting from the volatile organics
found present in tank #4, and 2) to investigate the potential for
site contamination resulting from petroleum hydrocarbons and
volatile organics found in an on-site storm water catch basin.
The Revised Sampling Plan of November 1986 was approved with
conditions by NJDEP by letter dated March 5, 1987. This report
summarizes the sampling results from these investigation

activities.

Activities were performed in three areas of concern:
" 0 . Groundwater quality
o.. Catch Basin/Storm Watet c°nveyénce 5yétemk
o iénk $5 (found during.monitoring well instaliation)v

e -

F.D. $#64/KLOCKNER.110 5
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Because the site is also included in a CERCLA investigation, a
meeting between all concerned parties to discuss groundwater

cleanup requirements prior to preparation of a cleanup plan for

submittal is necessary.

GROUNDWATER QUALITY

WELL INSTALLATION

Six monitoring wells were installed to investigate groundwater
quality and flow direction. Well locations were approved by the
NJDEP case geologist, Mr. Ted Hayes during a site visit. The
locations of wells MW1D and MW3S were changed from the November
1986 sampling plan to correspond with locations chosen by Mr.

Hayes.

The three shailow wells extend down to the top of a 10-15 foot
thick silty clay/clayey silt layer which was found to be between
20 to 25 feet deep and was continuous over the area bounded by
the site monitoring wells. The shallow wells were constructed of
4-inch diameter, threaded flush-joint PVC vwith 15 feet of

0.010-inch slotted screen. Soil samples were collected from the

shallow wells on 54foqt centers to determine stratigraphy and .

select screened intervals.

The three deep wells were instalied‘to a_depih of ten feet below

the bottom of the silt/clay layer. They were also constructed of

Aeinch PVC. A-ten foot section of 0.010-inch slotted screen was

'F.D. 464/KLOCKNER.110 6
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placed below the bottom of the silt/clay layer. Soil samples
were collected on 5 foot-depth increments from wells MW1D and
MW3D and on a continuous basis from well MW2D to determine

stratigraphy and select screened intervals.

All six wells were filtered with a uniform medium sand to
approximately 2 feet above top ©of screen. A benténite pellet
seal was then placed on top of filter sand and the remainder of
the hole was grouted with a bentonite-cemént grout to ground
surface. The top of the wells are protected with a locking steel
casing. Where wells were installed in traffic areas the surface
protection was placed flush with ground surface. Monitoring well
details are shown on Flgures 2,3,4, and S. Logs of each
monitoring well and well completion reports are attached as
Appendix A. Reference elevations and well locations were surveyed

by Donald H. Stires Associates of Somerville, New Jersey. Their

report is also included in Appendix A.

Drilling fluids generated during well installation were collected
and shipped to the Parsippaﬁy/Troy Hills Waste Water Treatment
Plant for disposal. Drill cuttings were placed into drums.
Samples were analyzed for EP Toxicity and all test results were
reported as "undetected". .The drill cuttings were disposéd

offsite.
A Ll
S
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 Sampling of the two NJDEP wells was performed first.

Copies of the analytical testing results on the drill fluids and

drill cuttings are attached as Appendix B.

GROUNDWATER SAMPLING

The first round of groundwater samples were collected from the

six on-site wells‘during the period of 6/30/87 through 7/2/87.

After water levels were recorded, three well volumes were then

purged from each of the wells using a stainless steel submersible
pump. A laboratory cleaned dedicated bailer was used to collect

the sample from each well for analyses. Measurements of pH,

specific conductance, and temperature were recorded in the field.
The samples from all six wells were sent to ICM Laboratory in

Randeolph, New Jersey for analyses. ICM is a certified NJDEP

Laboratory (ID#14116).

Based on the detection of volatile organic compounds in both the

shallow and deep wells on site during the first round of

sampling, a regquest was made for access td NJDEP monitoring
wells, SAI-5 and SAI-7, during the second sampling round. SAI-5

is located upgradient and SAI-7 downgradient of the Klockner and
Klockner property.

The second round of sampling took place on 8/7/87 and 8/10/87.

Mr. Bob
Gallagher of NJDEP was on site to provide access to those wells

.- and monitor ' the sampling ptocedures.ﬂ Due to difficulty in

.- removing the~¢ap from well SAI»?, the outer protective casing and

F.D. $64/KLOCKNER.110 12
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the threaded stainless steel cap had to be cut off with a torech

to provide access to the well. The outer casing was welded

together after sampling and the well was supplied with a plastic

well seal replacing the threaded stainless steel cap. AS a

result of the delay in sampling well SAI-7, the sampling of the

remaining wells was not completed until 8/10/87. The samples

were sent to ICM Laboratory in Randolph, New Jersey for analyses.

Catch Basin/Storm Water Convevance System

Because volatile organic compounds and petroleum hydrocarbons
were detected in éatch basin sediments during the original
sampling plan implementation, the potential for possible leakage
from this system causing contamination of soils below was
investigated. The revised sampling plan proposed testing the
integrity of the system. In order to perform this integrity
test, the 15-inch concrete storm sewer was plugged with a
mechanical packer at the downstream catch basin iocation. The
storm sewer system was then filled with water and fhe level.below
the surface was measured. All water had leaked out of the system

by the following morning (about 17 hours later).

No further actions regarding the system were undertaken. Cleanup

of soils in this area will be addressed in the site cleanup plan.

F.D. #64/KLOCKNER.110 : 13
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Underground Tank #5

During the course of installation of welliﬁw3s, an underground
storage  tank wa# discovered. The 550-gallon capacity tank
contained about 20 gallons cf gasoline. The tank washings and
gasoline were transported to the E.I. Dupont Chambers Works
facility in Deepwater, New Jersey for disposal. A copy of the

manifest supporting this disposal is attached as Appendix C.

The excavation was screened using an OVA. No contamination was
detected. Six post excavation soil samples were collected from
the bottom of the excavation and were sent to ICM laboratory for

analyses.

The ¢tank excavation was backfilled with clean £ill and the

monitoring well installation was accomplished.

' F.D. $64/KLOCKNER.110 14
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DISCUSSION OF RESULTS

Groundwater Quality

Shallow well samples were analyzed for petroleum hydrocarbons,
volatile organics plus 15 peaks, base/neutral compounds plus 15
peaks and priority peollutant metals. The deep well samples were
tested for volatile organics plﬁs 15 peaks only. Prior <to
sampling, a request was made in writing to NJDEP to modify the

sampling parameters suggested in the sampling plan approval

letter of March 5, 1987. Approval was given to eliminate acia-

extractibles plus 10 peaks. Analytical laboratory deliverables

are attached as Appendix D. The results of the analyses are-

summarized in Tables 1 and 1lA.

Analytical 1laboratory deliverables of the second round of
sampling are also included in Appendix D. The results are shown

on Tables 1 and 1A for comparison with the first round results.

Water table elevations are summarized in Table 2. Water levels
were not measuxed during the first— round ‘of sampling, therefore,
a second set of water levels were taken on September 29, 1987.

Water levelsin the shallow upper-aquifer are on_ the order of” ten

feet higher’ than- those i% the deeper aquifer. This is expla:.ned
‘. by the pijes"énce of a 10-15 foot thick clay layer éepa.rating the

shallow‘ and _deép aquifer zones beneath the site. Groundwater

" F.D. $64/KLOCKNER.110 15
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Table 1
Summary of Groundwater Sampling Results
Shallow Monitoring Wells

: MW1S MW2S MW3S .
PARAMETERS (6/30/87) (8/7/87) (6/30/87) (8/7/87) (7/2/87) (8/7/87)
VOLATILE 6RGANIC COMPOUNDS (ppb) :

Trans-1,2-dichloroethylene 130 43 51 97 N.D.  N.D.
Trichloroethylene 230 78 100 280 . 10 15
Tetrachloroethylene _N.D. N.D. N.D. 28 50 82
Total 382 121 151 405 60 97
BASE/NEUTRALS + 15 N.D. * N.D. * N.D. *
PRIORITY POLLUTANT Groundwater
METALS (ppm) Standards
Aresenic (0.05) 0.007 N.D. 0.014 . N.D. 0.014 N.D.
Chromium {0.05) 0.009 0.014 0.028 0.02 0.019 N.D.
Copper {(2.0) 0.04 0.012 0.07 0.025 0.04 N.D.
Lead (0.05) 0.023 0.015 0.047 0.025 0.019 N.D.
Zinc : (5.0) 0.09 0.07 - 0.017 0.08 0.14 0.04
Nickel None N.D. 0.011 N.D 0.16 N.D. N.D.
PETROLEUM HYDROCARBONS : N.D. * N.D. * N.D. *
FIELD MEASUREMENTS
ph 8.8 * 8.8 * * : *
Specific Conductance {(umhos/cm) 496 * 193 * * *
Temperature (°C) 11.3 * 17 * * *

* Parameter Not Tested for . S
N.P. Not detected Yie\d R A 2
** Identified but below detection limit \e\ed ‘P \0\0“\‘.& .

F.D. 64:110A
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Table 1A
Summary of Groundwater Sampling Results
Deep Monitoring Wells

MD3D SAI-5

" SAI-T -
(6/30/87) (8/10/87) (6]30/87) (8/7)87) (7]1]87) (8/10)87) (8[7[87)‘ (8/7]87)
PARAMETERS
VOLATILE ORGANIC
COMPOUNDS (ppb) .
Trans-1, 2-dichloroethylene ND ND 20 150 ND ND ND B b
Trichloroethylene 23 14 120 730 180 41 ND 170
Tetrachloroethylene ND _6 ND ND ND ND ND ND
Total ' 2 20 140 880 189 41 ) 0 170
BASE/NEUTRALS + 15 < ' * * * * * *
PRIORITY POLLUTANT Groundwater
METALS (ppm) Standards
Aresenic (0.05) * * * * * * * *
Chromium (0.05) * * * * * hd * *
Copper (2.0) % * * %* L * * *
Lead ' (0.05) % * * * * * * *
Zinc _ (5.0) * * * * * * * *
Nickel . None * * + * * * * *
PETROLEUM HYDROCARBONS * * * * * * * *
FIELD MEASUREMENTS
pH ‘ 8.6 7.3 8.5 * 7.6 7.9 8.6 9.4
Specific Conductance (umhos/cm) 472 541 367 * 575 486 638 365
Temperature (°C) 20 21.8 17.2 * 17.3 23.9 18.4 17.1
*Parameter not tested for

N.D. Not detected
** Jdentified but below detection limit

F D R4:110A




TABLE 2
SUMMARY OF WATER TABLE ELEVATION DATA ‘

Reference Water Table Elevation Water Table Elevation
Well No. Elevation (ft)* August 7, 1987 September 29, 1987

MW1S 523. 40 510.19 510.51
MW1D 519.130 501.03 501.63
MW2S 525.29 510.46 510.78

MW3S 524.71 510.51 510.80
MW3D 525.33 500.81 501.46
SAI-5 532.54 501.67 502.25
SAI-6 534.09 © 512.95 - NM

g MW2D 525.60 500.90 501.53

SAI-7 526.37 500.95 501.85

* Reference elevations taken on the north side of the top of the PVC
riser pipe.

@ NM = Not measured

¢00 zxmy
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"contours ©of the shallow aquifer are shown on Figures 6 and

7. Flow direction in the shallow aquifer is to the northwest,

away from the municipal well field.

Groundwater contours of the deeper aquifer are shown on Figures 8
and 9. Flow direction in the deeper zone conforms with water.
levels measured in the two NJDEP wells and is toward the south.

fhe gradient in the deeper agquifer is approximately 0.004 ft/ft.

Two groundwater flow regimes were identified on the basis of
groundwater contours and stratigraphic data. The shallow system
flows from a southeast to northwest direction above a 10-15 foot
thick clay/silt layer identified during the monitoring well
installations. Analytical results of groundwater samples
collected from monitoring wells screened within.this flow regime
indicate that contamination is migrating on-site at levels
ranging from 60-100 ppb, total volatile organics. Elevated
concentratins of volatile organics .in the downgradient shallow

wells are probably attributable to two on-site sources, namely

— -

the waste oil tank (Tank #4) and catch basin/storm sewer line
along the northern part of the building. The waste o0il tank and
surrounding soils.have been removed and, therefore, eliminated as
a future source. Proposed cleanup of the catch basin system and

effected soils is discussed in the following section.

| The . déeper aquifer, which is monitored by MW1D, MW2D, MW3D,
"*- SAI-5, and SAI-7, also shows volatile organic contamination. The

;'exception to this is the upgradient NJDEP'well, SAI-5, where no

- F.D. #64/KLOCKNER.110 18
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volatile organics were detected. Since deep- aquifer

contamination is part of the regional pfabiem; it-'would: best be

addressed under CERCLA.

CATCH BASIV_ AND STORM WATER CONVEYANCE SYSTEM

Based on the results of the integrity test pe;formed on the catch

basin system, cleanup of this sg;tem'and associated contaminated

—

soils is proposed and will_involve removal and disposal of the
catch basin/storm sewer line and surrounding effected soils. The

extent of soil contamination will be determined in the field with

- an Organic Vapor Analyzer (OVA) and/or Photovac TIP II and

confirmed by laboratory analysis of selected soil samples. Upon
receipt of negative laboratory results, a new storm water

conveyance system will be installed.

Underground Tank #5

Based upon visual inspection, field readings with the ova and
confirmed by post excavation sampling, the tank was not leaking.
No further investigation regarding <tank §5 is proposed.
Laboratory deliverables are attached as Appendix E. The results

of the analyses are summarized in Table 3.

F.D. #64/KLOCKNER.110 23
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Sample No.

s-1

.7 FD#1:106/DLK

TABLE 3

SUMMARY OF POST-EXCAVATION

SOIL SAMPLING RESULTS

Sample Location

North end of
base of excavation
along tank spine

Center of base
of excavation
along tank spine

West sidewall of
excavation

South end of base
of excavation along
tank spine

East sidewall of
excavation

Duplicate of sS-5

Sample Depth

0-1"
tank

0-1"
tank

0-1"
tank
0-1"
tank
0-1"
tank

0-1°
tank

below

invert.

below
invert

below
invert
below
invert
below

invert

below
invert

. ':."’TQ’

Total
Volatile Organics
(EPA Method 503.1)

N.D.
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RECOMMENDATIONS

As a result of implementation of the rgvised sampling plan,
volatile organic compounds, primarily TCE, were detected in the
shallow and deep aquifers beneath the Klockner property. An
abbreviated wellpoint recovery system in the vicinity of the
previous tank #4 and current catch basin system locations is
suggested to capture and contain the shallow aquifer
contamination. If necessary, the recovered water will be treated
prior to disposal. 1In addition 3 shallow (less than 25-30 Qeet)
upgradient borings are recommended to determine the extent of the
confining clay/silt layer separating the shallow and deep
aquifers. Currently, there is no indicétion that there might be
an upgradient source contributing to the deeper aquifer
contamination problem. Installation of a deep monitoring well in
a more upgradient location (near MW1lS and the catch basin system)
is recommended to determine the extent of deep contamination.
Due to the status of this site being investigated both under ECRA
and CERCLA a meeting between all concerned_parties is recommended

to discuss the requirements which will be made fér on~-site

cleanup of groundwater. After such meeting a Cleanup Plan will

be prepared.

F.D. $64/KLOCKNER.110 25




M State of Nrw Jrersey
DEPARTIZENT OF ENVIRONMENTAL PROTECTION
DIVISION OF WASTE MANAGEMENT

HAZARDOUS SITE MITIGATION ADMINISTRATION

CN 028, Tremon, N.J. 08625
*“ JORGE M. BLRXOWITZ, FN D

MARWAN M. SADAT, P.E.
. ADMINISTRATOR

DIRECTOR

Mr. Gary Cluen ‘

Ground/Water Technology, Inc. 03 LPR 1986
. . 90 Stickle Ave.

Rockaway, NJ 07866

RE: Masden Industries - Multiform Metals Division
Stickle Avenue and Elm Street
Rockawvay Boro, Morris County
ECRA Case #85551

Dear Mr. Cluen:

Please be advised that 2ll materials i{temized on the attached list must b
legally disposed of or otherwise accounted for. The Department will requitz
clear documentation for each item. If such documentation is not provided it will
be assumed that the materials have been illegally disposed of and appropriate

‘) enforcement actions will be initiated.

Be further advised that all conditioms and deficiencies outlined in the
ingpection report and in any other correspondence from this office must be

. addressed to the satisfaction of the Department before a Negative Declaraticn or
Cleanup Plan can be considered for approval. _

Further questions in this wmatter should be addressed to Michael Surowiec at

€09-633-7141.
Sincerely,
Rich d.J. Katz, Assistant Chief
Bureau of Industrial Site Evaluation

B815&:ke

ce:

<cC EIVED .
D APR 71086

TNCH AMERICA’
VORETCKAWAY, N.J

. Nev: Jersey Is An Egual Opportunity Employer

.
.
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